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PREFACE. 


The 

IT  may  be  necefary  to  acquaint  the  Reader ,  that  the  fol¬ 
lowing  obfervations  and  experiments  were  not  drawn 
up  with  a  view  to  their  being  made  publick ,  but  were 
communicated  at  different  times ,  and  mofl  of  them  in  let¬ 
ters  wrote  on  various  topicks}  as  matters  only  of  private 
amu foment , 

But  fome  perfons  to  whom  they  were  read ,  and  who  had 
themselves  been  converfant  in  electrical  difquifitionsy  were  of 
opinion ,  they  contained  fo  many  curious  and  intercfiing  parti¬ 
culars  relative  to  this  affair ,  that  it  would  be  doing  a  kind  of 
injuftice  to  the  publick)  to  confine  them  folely  to  the  limits  of  a 
private  acquaintance . 

fhe  Editor  was  therefore  prevailed  upon  to  commit  fuel:  ex¬ 
tracts  of  letters ,  and  other  detach'd  pieces  as  were  in  his 
hands  to  the  prefs ,  without  waiting  for  the  ingenious  author  s 
permiffon  fo  to  do  $  and  this  was  done  with  the  lejs  hefitationy 
as  it  was  apprehended  the  author' s  engagements  in  other  affairs 
would  fcarce  a  ford  him  lei  jure  to  give  the  publick  his  reflec¬ 
tions  and  experiments  on  the  fubjeCt ,  finifhed  with  that  care 
and  precifion ,  of  which  the  treatife  before  us  Jhews  he  is  alike 
ftudious  and  capable .  He  was  only  apprized  of  the  fiep  that 
had  been  thus  taken ,  while  the  flrfl  fleets  were  in  the  prefs , 
and  time  enough  for  him  to  tranfmit  fome  farther  remarks ,  to¬ 
gether  with  a  few  corrections  and  additions ,  which  are  placed 
at  the  end ,  and  may  be  confuted  in  the  perufaL 

cThe  experiments  which  our  author  relates  are  mofl  of  them 
peculiar  to  himfelf  >  they  are  conducted  with  judgment ,  and 
the  inferences  from  them  plain  and  conclufive  ;  though  fome- 
times  propofed  under  the  term  of  fuppo fit  ions  and  conjectures . 

And  indeed  the  feene  he  opens ,  flrikes  us  with  a  pleafing 
a  ft  oni foment,  while  he  conducts  us  by  a  train  of  faCts  and 
judicious  reflections ,  to  a  probable  caufe  oft  thofe  phenomena, 
which  are  at  once  the  mojl  awful \  and,  hitherto  >  accounted  for 
with  the  leaf  verifimilitude . 


He 


ii  PREFACE. 

He  exhibits  to  cur  confederation,  an  invifible ,  fubtile  mat¬ 
te }  ,  difj emulated  t hi  ough  all  nature  m  'various  proportions 
equally  unobferved ,  and ,  whilfi  all  thofe  bodies  to  which  it  pe¬ 
culiarly  adheres  are  alike  charged  with  it,  inofferfive . 

He  Jhews ,  however ,  that  if  an  unequal  dijlribution  is  by 
any  means  brought  about ;  if  there  is  a  coacervation  in  one 
part  of  j pace ,  a  lefs  proportion ,  vacuity ,  or  m?///,  ano-  > 
//j^r ;  /A*  approach  of  a  body  capable  of  conducing 

the  coace rv at ed  part  to  the  emptier  [pace,  it  becomes  perhaps 
the  moft  formidable  and  irrefiftible  agent  in  the  univcrfe , 
Animals  are  in  an  infant  feritck  breath  lefs,  bodies  almof  im¬ 
pervious  by  any  force  yet  known ,  are  perforated,  and  metals 
fufed  by  it,  in  a  moment . 

From  the  fimilar  effeCts  of  lightening  and  cleClricity  our 
author  has  been  led  to  make  fome  probable  conjectures  on  the 
caufe  of  the  former  ;  and,  at  the  fame  time,  to  propofe  fome 
rational  experiments  in  order  to  fecure  ourfelves,  and  thofe 
things  on  which  its  jorce  is  often  directed,  from  its  pernicious 
ef'eCls ;  a  circumfance  of  no  fmall  importance  to  the  publick , 
and  therefore  worthy  of  the  utmof  attention . 

It  has,  indeed,  been  of  late  the  faff  ion  to  afcribe  every 
grand  or  unufual  operation  of  nature,  Juch  as  lightening  and 
earthquakes,  to  electricity  ;  not ,  as  one  would  imagine,  from  the 
manner  of  re afoning  on  thefe  occafions ,  that  the  authors  of  thefe 
fchemes  have,  difcovered  any  connection  betwixt  the  caufe  and 
effeCl,  or  faw  in  what  manner  they  were  related  -,  but,  as  it 
would  ft ’em,  merely  be  caufe  they  were  unacquainted  with  any 
other  agent,  of  which  it  could  not  pofitively  be  faid  the  con¬ 
nection  was  impofible. 

But  of  thefe,  and  many  other  inter efeing  circumfances,  the 
reader  will  be  more  fatisfaCtorily  informed  in  the  following 
letters,  to  which  he  is  therefore  referred  by 


The  EDITOR. 


_ 


He  ei 
ter,  di 
equally  i 
culiarly 
He  Jt 
any  mea 
part  of 
ther ;  h 
the  coac 
the  mojl 
Animah 
pervious 
fufcd  by 
From 
author  / 
caufe  of 
rational 
things  oh 
effedls ;  , 
and  ther . 

It  has 
grand  or 
earthqua. 
manner  c 
fchemes  h 
effeft,  or 
would  fee 
other  age 
7i cdh  on  w 
But  oj 
reader  w. 
letters ,  t\ 


;L 


% 

v 

\ 


CONTENTS  of  all  the  Parts. 


i 

LETTER'  I.  From  Benjamin  Franklin ,  Efq;  of  Philadelphia  to 
Peter  Collinfon^  Efq;  F.  R.S.  London .  page  I. 

_ Obfervations  on  the  Experiment,  confirmed  by  further 

Experiments 

Letter  II.  From  the  fame  to  the  fame  paSe  1(5 

_ An  Account  of  certain  new  eledrical  Phaenomena  ;  eledrical  Light¬ 
ning  ;  an  eledrical  Kifs  5  an  eledrical  Spider  ;  a  commodious  Ma¬ 
chine,  &c. 

Letter  III.  From  the  fame  to  the  fame  19 

—  Farther  Experiments  and  Obfervations  on  Eledricity.  On  the 
Leyden  Phial  5  a  magical  Pidure  ;  a  Wheel  turning  by  Eledricity ; 
an  eledrical  Jack;  a  felf-moving  Wheel;  Paper  perforated  by 
eledrical  Fire,  Cfc. 

Letter  IV.  Obfervations,  &c.  towards  forming  a  new  Hypothefis,  for 
explaining  the  feveral  Phaenomena  of  Thunder-guffs  p.  36. 

Additional  Papers. 

—  Opinions  and  Conjedures  concerning  the  Properties  and  Effeds  of 
the  eledrical  Matter,  arifing  from  Experiments  and  Obfervations 


made  in  Philadelphia  1749  A  51 

_ Additional  Experiments  concerning  the  Leyden  Bottle  />.  83 

—  Corredions  and  Additions  to  the  preceding  Papers  A  85 

Letter  V.  From  Mr  Franklin  to  Mr  Collinfon  .  .  A  89 


—  Commazants  on  Ship- board  ;  Sea  Compafles  fpoiled,  or  theii  I  oles 
inverted  by  Lightning  ;  Polarty  given  to  Needles  by  Electricity,  and 
the  Needles  turned  blue  thereby,  and  fometimes  melted  ;  as  alio  Tin- 
foil  ;  Gunpowder  fired  by  eledric  Flame. 

Letter  VI.  From  the  fame  to  the  lame  _  A.  93 

•  Queries  and  Anfwers  about  Eledrics  and  Non-eledrics  ;  the  Effeds 
of  Air  in  eledrical  Experiments  ;  Experiment  towards  difcovering 
more  of  the  Qualities  of  the  eledric  Fluid 
Letter  VII.  From  Mr  Kinnerjly  at  Bojlon  to  B .  Franklin ,  Efq;  at  Phila¬ 
delphia  ;  what  glafs  repells,  rofins  and  fulphurs  attrad  ;  the  Con- 
dfidor  refufes  to  be  eledrified  by  rubbed  Glafs  and  Sulphur  applied 
toot  at  the  fame  time;  the  Phial  charged  by  the  lulphur  Globe,  and 
then  difcharged  by  the  Glafs  one,  and  vice  verfa ,  &c.  A  99 

Letter  VIII.  Mr  Franklins  Anfwer  to  Mr  Kinnerjly 
Letter  IX.  Mr  Franklin  to  Mr  Kinnerjly.  Experiments  with  a  4)als 

and  Brimflone  Globe ;  a  Quere  ?•  IC3 


} 


■ 


CONTENTS. 

Letter  X.  From  the  fame  to  the  fame  p,  106 

—  Experiment  of  drawing  the  eleCtric  Fire  from  Clouds  by  pointed 
Iron  Rods  ;  an  eleCtrical  Kite ;  how  to  draw  Fire  from  Clouds 
with  it ;  Bodies  below  electrified  thereby,  as  with  the  ufual  Giafs 
Machine 

Letter  XL  From  Mr  Franklin  to  Mr  Collinfon  p .  io3 

—  Silver  turned  blue  by  eleCtric  Effluvia 

Letter  XII.  From  the  fame  to  the  fame  p.  ill 

—  Of  the  luminous  Appearance  of  Sea-water ;  how  clouds  become 
eleCtrified  ;  Experiments  for  fhewing  whether  they  are  negatively  or 
pofitively  eleCtrified  ;  conjectures  on  this  Occafion.  What  Thick- 
nefs  of  a  metallic  rod  belt  for  drawing  Lightning  from  the  Clouds, 
and  fecuring  Edifices,  &c. 

Letter  XIII.  From  the  fame  to  the  fame  p.  128 

—  An  account  of  Mr  Kinnerjleys  Experiments  on  the  pofitive  and  nega¬ 
tive  State  of  EleCtricity  in  the  Clouds. 

Remarks  on  the  Abbe  Ncllet’s  Letters  on  EleCtricity  to  Benjamin 
Franklin  Efq;  By  Mr  David  Colden ,  of  New  York  p.  130 

EleCtrical  Experiments,  with  an  Attempt  to  account  for  their  Phasno^ 
mena ;  together  with  fome  Obfervations  on  Thunder  Clouds ;  made 
in  London  about  the  fame  Time  Mr  Franklird s  were  carrying  on  in 
America  ;  by  John  Canton ,  M.  A.  and  F.  R.  S.  143 

APPENDIX. 

Mr  Franklin’s  Account  of  his  killing  a  Turkey  by  an  eleCtrical  Shock  v 
and  of  the  Senfations  which  he  felt  himfelf  upon  receiving  acci¬ 
dentally  another  violent  eleCtrical  Shock,  without  Detriment  p .  153 


LET- 


. », .  win'i  v, w 


- 


*^^^«SSS!^^5SSK535^ 


LET  T  E  R  I 


FROM 


Mr  Benj.  Franklin,  In  Philadelphia , 


'Mu/, 

'l&f 

•^•rf  A 


T  O 


p  i 


\,hi 


Peter  Cqllinsox,  Efq;  P.  R,  S.  London. 


tjrf 


■<  f 


■  ’  ;  -  . 

•  >*'•,•«•*;-£«•  '  .  J$:V'Jjr  /, *r  ,'•/-*>'  ;-•  >■*' 

'*•  .* .- .  •.— •  •?••*•  •  r  f‘  r 

1747. 


SIR, 


,  .MirjPaarf 

v*  vx 


or 

o 


|  H  E  neceilary  trouble  of  copying  Ion 
letters,  which  perhaps  when  they  come 
to  your  hands  may  contain  nothing 
new,  or  worth  your  reading  (fo  quick 
is  the  progrefs  made  with  you  in  E- 
le&ricity)  half  difcourages  me  from 
writing  any  more  on  that  fubjedl.  Yet  I  cannot  forbear 
adding  a  few  obfervations  on  M.  Mufchenbroek* s  wonder- 
bottle. 


B 


1.  The 


2  Mr  B.  FRANKLIN’s 

} 

1.  The  non-eledtric  contain’d  in  the  bottle  differs  when 
eledtrifed  from  a  non-eledtric  eledtrifed  out  of  the  bottle,  in 
this :  that  the  eledtrical  fire  of  the  latter  is  accumulated  on 
its  furface ,  and  forms  an  eledtrical  atmofphere  round  it  of 
confiderable  extent :  but  the  eledtrical  fire  is  crowded  into 
the  fubjlance  of  the  former,  the  glafs  confining  it* 

2.  At  the  fame  time  that  the  wire  and  top  of  the  bot¬ 
tle,  &c.  is  eledtrifed  positively  or  plusy  the  bottom  of  the 
bottle  is  eledtrifed  negatively  or  minusy  in  exadt  propor¬ 
tion  :  u  e.  whatever  quantity  of  eledtrical  fire  is  thrown 
in  at  top,  an  equal  quantity  goes  out  of  the  bottom.  To 
underftand  this,  fuppofe  the  common  ^quantity  of  eledtri- 
city  in  each  part  of  the  bottle,  before  the  operation  begins, 
is  equal  to  20  5  and  at  every  itroke  of  the  tube,  fuppofe  a 
quantity  equal  to  1  is^  thrown  in ;  then,  after  the  firft 
ftroke,  the  quantity  contain’d  in  the  wire  and  upper  part 
of  the  bottle  will  be  21,  in  the  bottom  19.  After  the 
fecond,  the  upper  part  will  have  22,  the  lower  18,  and 
fo  on  ’till  after  20  ftrokes,  the  upper  part  will  have  a  quan¬ 
tity  of  eledtrical  fire  equal  to  40,  the  lower  part  none : 
and  then  the  operation  ends  :  for  no  more  can  be  thrown 
into  the  upper  part,  when  no  more  can  be  driven  out  of 
the  lower  part.  If  you  attempt  to  throw  more  in,  it  is 
fpued  back  through  the  wire,  or  flies  out  in  loud  cracks 
through  the  fides  of  the  bottle. 

3.  The  equilibrium  cannot  be  reftored  in  the  bottle  by 
inward  communication  or  contadt  of  the  parts ;  but  it 
muff  be  done  by  &  communication  form’d  without  the 

bottle, 
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bottle  between  the  top  and  bottom,  by  fome  non-eleCtric, 
touching  both  at  the  fame  time  ;  in  which  cafe  it  is  re- 
ftored  with  a  violence  and  quicknefs  inexpreffible ;  or, 
touching  each  alternately,  in  which  cafe  the  equilibrium 
is  reftored  by  degrees. 

4.  As  no  more  electrical  fire  can  be  thrown  into  the 
top  of  the  bottle,  when  all  is  driven  out  of  the  bottom,  * 
fo  in  a  bottle  not  yet  eleCtrifed,  none  can  be  thrown  into 
the  top,  when  none  can  get  out^  at  the  bottom  $  which 
happens  either  when  the  bottom  is  too  thick,  or  when 
the  bottle  is  placed  on  an  eleCtric  per  fe.  Again,  when 
the  bottle  is  eleCtrifed,  but  little  of  the  electrical  fire  can 
be  drawn  out  from  the  top,  by  touching  the  wire,  unlefs 
an  equal  quantity  can  at  the  fame  time  get  in  at  the  bot¬ 
tom.  Thus,  place  an  elearifed  bottle  on  clean  glafs  or 
dry  wax,  and  you  will  not,  by  touching  the  wire,  get  out 
the  fire  from  the  top.  Place  it  on  a  non-eleCtnc,  and 
touch  the  wire,  you  will  get  it  out  in  a  fhort  time  ;  but 
fooneft  when  you  form  a  direa  communication  as  above. 

So  wonderfully  are  thefe  two  ftates  of  EleCtricity,  the 
plus  and  minus  combined  and  balanced  in  this  miraculous 
bottle !  lituated  and  related  to  each  other  in  a  manner  that 
I  can  by  no  means  comprehend !  If  it  were  poffible  that  a 
bottle  fhould  in  one  part  contain  a  quantity  of  air  ftrongly 
compreft,  and  in  another  part  a  perfeCt  vacuum,  we  know 
the  equilibrium  would  be  inftantly  reftored  within.  But 
here  we  have  a  bottle  containing  at  the  fame  time  a  plenum 
of  eleCtrical  fire,  and  a  vacuum  ot  the  fame  fire  ;  and  yet 


Mr 
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the  equilibrium  cannot  be  reftored  between  them  but  by 
a  communication  without  /  though  the  plenum  preffes  vio- 

ent  y  to  expand,  and  the  hungry  vacuum  feems  to  attrad 
as  violently  in  order  to  be  filled. 

5-  The  ihock  to  the  nerves  (or  convulfion  rather)  is  oc- 
cafioned  by  the  fudden  paffing  of  the  fire  through  the 
body  in  its  way  from  the  top  to  the  bottom  of  the  bottle. 
The  fire  takes  the  fhorteft  courfe,  as  Mr  Watfon  juftly 
obferves :  But  it  does  not  appear,  from  experiment,  that 
m  order  for  a  perfon  to  be  Blocked,  a  communication 
with  the  floor  is  neceffary }  for  he  that  holds  the  bottle 
with  one  hand,  and  touches  the  wire  with  the  other,  will 
be  lock’d  as  much,  though  his  flioes  be  dry,  or  even 

an  in§  on  wax>  as  °therwife.  And  on  the  touch  of 
1  e  Wlre  (or  of  tbe  gun-barrel,  which  is  the  fame  thing) 
t  e  fire  does  not  proceed  from  the  touching  finger  to  the 
wire,  as  is  fuppofed,  but  from  the  wire  to  the  finger 

and  pafles  through  the  body  to  the  other  hand,  and  fo 
into  the  bottom  of  the  bottle. 


It  xperiments  confirming  the  above. 

experiment  r. 

Place  an  elednfed  phial  on  wax  ;  a  fmall  cork-ba!l 
fulpended  by  a  dry  filk-thread  held  in  your  hand,  and 
brought  near  to  the  wire,  will  firft  be  at  traded  kind  then 
repelled  :  when  in  this  ftate  of  repellency,  fink  your 

an'J'  that  the  baI1  may  be  brought  towards  the  bottom  cf 
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the  bottle ;  it  will  there  be  inftantly  and  ftrongly  attracted, 
’till  it  has  parted  with  its  fire. 

If  the  bottle  had  an  electrical  atmofphere,  as  well  as 

the  wire,  an  electrified  cork  would  be  repelled  from  one 
as  well  as  from  the  other. 

experiment  II. 

Fig.  I.  From  a  bent  wire  (a)  flicking  in  the  table,  let 
a  fmall  linen  thread  (i)  hang  down  within  half  an  inch  of 
the  eleCtrifed  phial  (<r).  Touch  the  wire  of  the  phial  re¬ 
peatedly  with  your  finger,  and  at  every  touch  you  will  fee 
the  thread  inftantly  attracted  by  the  bottle.  (This  is  befit 
done  by  a  vinegar  cruet,  or  fome  fuch  belly’d  bottle).  As 
loon  as  you  diaw  any  fire  out  from  the  upper  part  by 

touching  the  wire,  the  lower  part  of  the  bottle  draws  an 
equal  quantity  in  by  the  thread. 

EXPERIMENT  III. 

b  ig.  2.  Fix  a  wire  in  the  lead,  with  which  the  bottom 

of  the  bottle  is  armed  (J)  fio  as  that  bending  upwards,  its 

ling-end  may  be  level  with  the  top  or  ring-end  of  the  wire 

in  the  cork  (<?),  and  at  three  or  four  inches  diftance.  Then 

eleClricifie  the  bottle,  and  place  it  on  wax.  If  a  cork  fiufi- 

pended  by  afilk  thread  (f)  hang  between  thefie  two  wires, 

it  will  play  inceflantly  from  one  to  the  other,  ’till  the  bottle 

is  no  longer  electrified  j  that  is,  it  fetches  and  carries  fire 

frpm  the  top  to  the  bottom  of  the  bottle,  ’till  the  equili¬ 
brium  is  reftored. 
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EXPERIMENT  IV. 

Fig.  3.  Place  an  electrifed  phial  on  wax;  take  a  wire 
(g)  in  form  of  a  C,  the  ends  at  fuch  a  diftance  when  bent, 
as  that  the  upper  may  touch  the  wire  of  the  bottle,  when 
the  lower  touches  the  bottom :  flick  the  outer  part  on  a 
flick  of  fealing-wax  ( h ),  which  will  ferve  as  a  handle. 
Then  apply  the  lower  end  to  the  bottom  of  the  bottle, 
and  gradually  bring  the  upper-end  near  the  wire  in  the 
cork.  The  confequence  is,  fpark  follows  fpark  till  the 
equilibrium  is  reflored.  Touch  the  top  firfl,  and  on  ap¬ 
proaching  the  bottom  with  the  other  end,  y©u  have  a  con- 
flant  flream  of  fire,  from  the  wire  entering  the  bottle. 
Touch  the  top  and  bottom  together,  and  the  equilibrium 
will  foon  be  reflored,  but  filently  and  imperceptibly  ;  the 
crooked  wire  forming  the  communication. 

EXPERIMENT  V. 

Fig.  4.  Let  a  ring  of  thin  lead  or  paper  furround  a 
bottle  (/),  even  at  fome  diflance  from  or  above  the  bottom* 
From  that  ring  let  a  wire  proceed  up,  till  it  touch  the 
wire  of  the  cork  (k).  A  bottle  fo  fixt  cannot  by  any  means 
be  eledlrifed  :  the  equilibrium  is  never  deflroyed  :  for 
while  the  communication  between  the  upper  and  lower 
parts  of  the  bottle  is  continued  by  the  outfide  wire,  the 
fire  only  circulates  :  what  is  driven  out  at  bottom,  is  con« 
flantly  fupply’d  from  the  top.  Hence  a  bottle  cannot  be 
eleftrifed  that  is  foul  or  moifl  on  the  outfide. 

E  X- 
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EXPERIMENT  VI. 

Place  a  man  on  a  cake  of  wax,  and  prefent  him  the  wire 
of  the  electrified  phial  to  touch,  you  Handing  on  the  floor, 
and  holding  it  in  your  hand.  As  often  as  he  touches  it,  he 
will  be  electrified  plus ;  and  any  one  Handing  on  the  floor 
may  draw  a  fpark  from  him.  The  fire  in  this  experi¬ 
ment  pafles  out  of  the  wire  into  him  ;  and  at  the  fame  time 
out  of  your  hand  into  the  bottom  of  the  bottle. 

EXPERIMENT  VIL 

Give  him  the  eleCtrical  phial  to  hold  $  and  do  you  touch 
the  wire  $  as  often  as  you  touch  it  he  will  be  electrified 
minus ,  and  may  draw  a  fpark  from  any  one  ftanding  on 
the  floor.  The  fire  now  pafles  from  the  wire  to  you,  and 
from  him  into  the  bottom  of  the  bottle. 

EXPERIMENT  VIII. 

Lay  two  books  on  two  glafles,  back  towards  back,  two 
or  three  inches  diftant.  Set  the  electrified  phial  on  one, 
and  then  touch  the  wire ;  that  book  will  be  electrified 
minus ;  the  eleCtrical  fire  being  drawn  out  of  it  by  the  bot¬ 
tom  of  the  bottle.  Take  off  the  bottle,  and  holding  it  in 
your  hand,  touch  the  other  with  the  wire ;  that  book  will 
be  eleCtrifed  plus  -y  the  fire  pafling  into  it  from  the  wire, 
and  the  bottle  at  the  fame  time  fupply’d  from  your  hand. 
A  fufpended  fmall  cork-ball  will  play  between  thefe  books 

"till  the  equilibrium  is  reftored. 
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EXPERIMENT  ix. 

When  a  body  is  eleCtrifed  plus  it  will  repel  an  electrified 
feather  or  final!  cork-ball.  When  minus  (or  when  in  the 
common  Hate)  it  will  attraCt  them,  but  ftronger  when  minus 
than  when  in  the  common  date,  the  difference  being  greater. 

experiment  X. 

Tho  ,  as  in  EXPER.  VI.  a  man  handing  on  wax  may 
be  eleCtrifed  a  number  of  times,  by  repeatedly  touching  the 
wire  of  an  eleCtrifed  bottle  (held  in  the  hand  of  one  hand¬ 
ing  on  the  floor)  he  receiving  the  fire  from  the  wire  each 
time  :  yet  holding  it  in  his  own  hand,  and  touching  the 
wire,  tho’  he  draws  a  hrong  fpark,  and  is  violently  fihock’d, 
tso  EleCtricity  remains  in  him  j  the  fire  only  palling  thro’ 
him  from  the  upper  to  the  lower  part  of  the  bottle.  Ob- 
ferve,  befoie  the  fihock,  to  let  fome  one  on  the  floor  touch 
him  to  rehore  the  equilibrium  in  his  body ;  for  in  taking 
hold  of  the  bottom  of  the  bottle,  he  fometimes  becomes  a 
little  electrified  minus ,  which  will  continue  after  the  fihock- 
as  would  alio  any  plus  Electricity,  which  he  might  have 
given  him  before  the  fihock.  For,  reftoring  the  equilibri¬ 
um  in  the  bottle  does  not  at  all  affeCt  the  Electricity  in  the 
man  thro’  whom  the  fire  paffes ;  that  Eledricity  is  neither 
increafed  nor  diminifhed. 

EXPERIMENT  XI. 

The  palling  of  the  eledrical  fire  from  the  upper  to 
the  lower  part  of  the  bottle,  to  reftore  the  equilibrium, 
is  render’d  ffrongly  vifible  by  the  following  pretty  experi¬ 
ment. 
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meat.  Take  a  book  vvhofe  cover  is  filletted  with  gold  ; 
bend  a  wire  of  eight  or  ten  inches  long  in  the  form  of 
(til)  Fig.  5.  flip  it  on  the  end  of  the  cover  of  the  book  over 
the  old  line,  fo  as  that  the  fhoulder  of  it  may  prefs  upon 
one  end  of  the  gold  line,  the  ring  up,  but  leaning  towards 
the  other  end  of  the  book.  Lay  the  book  on  a  glafs  or  wax , 
and  on  the  other  end  of  the  gold  lines,  fet  the  bottle  elec- 
trifed  ;  then  bend  dhe  fpringing  wire,  by  prefilng  it  with  a 
flick  of  wax  till  its  ring  approaches  the  ring  of  the  bottle 
wire  5  inflantly  there  is  a  ftrong  fpark.  and  ftroke,  and  the 
whole  line  of  gold,  which  completes  the  communication 
between  the  top  and  bottom  of  the  bottle,  will  appear  a 
vivid  flame,  like  the  fharpeft  lightning.  The  clofer  the 
contadl  between  the  flioulder  of  the  wire,  and  the  gold  at 
one  end  of  the  line,  and  between  the  bottom  of  the  bottle 
and  the  gold  at  the  other  end,  the  better  the  experiment 
fucceeds.  The  room  fhould  be  darkened.  If  you  would 
have  the  whole  filletting  round  the  cover  appear  in  fire  at 
once,  let  the  bottle  and  wire  touch  the  gold  in  the  dia¬ 
gonally  oppofite  corners. 

I  CWly  6CC. 

B.  FRANKLIN. 


LET- 


.:'  ,  >.  •  ■  v  :•* •«•»<? ;  •  . > : 


io  Mr  B.  F  R  A  N  K  L  I  N’s 


LETTER  II. 

FROM 

Mr  Benj.  Franklin,  in  Philadelphia , 

T  O 

Peter  Collinson,  Efq;  F.  R.  S.  London , 


'  J  A’  ^/’Z.  i,  1747. 

TN  my  laft  I  informed  you  that,  in  purfuing  oureleCtri- 
ca*  enquiries,  we  had  obferved  fome  particular  Pheno¬ 
mena,  which  we  looked  upon  to  be  new,  and  of  which  I 
promifed  to  give  you  fome  account,  tho’  I  apprehended 
they  might  poflibly  not  be  new  to  you,  as  fo  many  hands 
aie  daily  employ  d  in  electrical  experiments  on  your  fide 

the  water,  fome  or  other  of  which  would  probably  hit  on 
the  fame  obfervations. 

The  firft  is  the  wonderful  effeCt  of  pointed  bodies,  both  in 
at  awing  off  and  throwing  off  the  eledtrical  fire.  For  example: 

Place  an  iron  fhot  of  three  or  four  inches  diameter  on  the 
mouth  of  a  clean  dry  glafs  bottle.  By  4  fiile  filken  thread 
from  the  cieiing,  right  over  the  mouth  of  the  bottle,  fuf- 
per.d  a  frnall  cork- ball,  about  the  bignefs  of  a  marble  ;  the 

thread 
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thread  of  fuch  a  length,  as  that  the  cork-ball  may  reft 
againft  the  fide  of  the  fhot.  Eledrify  the  fhot,  and  the 
ball  will  be  repelled  to  the  diftance  of  four  or  five  inches, 

more  or  lefs,  according  to  the  quantity  of  Eledricity.- - - 

When  in  this  ftate,  if  you  prefent  to  the  fhot  the  point  of 
a  long  flender  fharp  bodkin,  at  fix  or  eight  inches  diftance, 
the  repellency  is  inftantly  deftroy’d,  and  the  cork  flies  to 
the  fhot.  A  blunt  body  muft  be  brought  within  an  inch, 
and  draw  a  fpark,  to  produce  the  fame  effed.  To  prove 
that  the  eledrical  fire  is  drawn  off  by  the  point,  if  you  take 
the  blade  of  the  bodkin  out  of  the  wooden  handle,  and  fix 
it  in  a  flick  of  fealing  wax,  and  then  prefent  it  at  the  dif¬ 
tance  aforefaid,  or  if  you  bring  it  very  near,  no  fuch  effed 
follows ;  but  Aiding  one  finger  along  the  wax  till  you 
touch  the  blade,  and  the  ball  flies  to  the  fhot  immediately. 
—If  you  prefent  the  point  in  the  dark,  you  will  fee,  fome- 
times  at  a  foot  diftance,  and  more,  a  light  gather  upon  it 
like  that  of  a  fire-fly  or  glow-worm  j  the  lefs  fharp  the 
point,  the  nearer  you  muft  bring  it  toobferve  the  light  j 
and  at  whatever  diftance  you  fee  the  light,  you  may  draw 
off  the  eledrical  fire,  and  deftroy  the  repellency.— If  a 
cork-ball  fo  fufpended  be  repelled  by  the  tube,  and  a  point 
be  prefented  quick  to  it,  tho’  at  a  confiderable  diftance, 
ftis  furprizing  to  fee  how  fuddenly  it  flies  back  to  the  tube. 
Points  of  wood  will  do  as  Well  as  thofe  of  iron,  provided 
the  wood  is  not  dry  ;  for  perfedly  dry  wood  will  no  more 
condud  Eledricity  than  fealing  wax. 

C  2  To 
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To  fhew  that  points  will  throw  off  as  well  as  draw  off 
the  eledncal  fire  j  lay  a  long  lharp  needle  upon  the  {hot 
and  you  cannot  eledrife  the  {hot,  fo  as  to  make  it  repel  the 
cork-ball.- Or  fix  a  needle  to  the  end  of  a  fufpended  gUn. 

, 1116  3  °r  lr°n  rod’  fo  as  t0  Point  beyond  it  like  a  little 
bayonet ;  and  while  it  remains  there,  the  gun-barrel,  or 

iod,  cannot  by  apply, ng  the  tube  to  the  other  end  be  elec- 
tnfcd  io  as  to  g,ve  a  fpark,  the  fire  continually  running  out 
filently  at  the  point.  In  the  dark  you  may  fee  it  make  the 
fame  appearance  as  it  does  in  the  cafe  beforementioned. 

The  repellency  between  the  cork-ball  and  the  fiiot  is 
hkewile  deftroy’d.  i.  By  fifting  fine  fand  on  it;  this 
oes  it  gradually.  2.  By  breathing  on  it.  3.  By  making 
a  fmoke  about  it  from  burning  wood.  *  4.  By  candle  light 
even  tho’  the  candle  is  at  a  foot  diftance  :  thefe  do  itfud- 

dunvZTre  Ilght  °f  a  br‘ght  C°al  fr0m  a  wood  fire  i  and 
the  light  of  red-hot  iron  do  it  likewife  ;  but  not  at  fo  great 

a  c  1  fiance.  Smoke  from  dry  rofin  dropt  on  hot  iron,  does 

not  deftroy  the  repellency  •  but  is  attraded  by 'both  {hot 

and  cork-ball,  forming  proportionable  atmofpheres  round 

tiiem,  making  them  look  beautifully,  fomewhat  like  fome 

of  the  figures  in  Burnet' s  or  Whifton'i  theory  of  the  earth. 

but  that  the  fa  m  eft  il  I  ru  bfift^nthoTe  particles  "  ele<aric?l  fire* 

to  fomcthing  elfe  5  and  that  it  is  never  really deftrVed^sTwI  ^ 
water  is  thrown  on  common  fire,  we  do  not  imaJne  fh„  '  •  °,  h,en 

dcftroycd  or  annihilated,  but  onfy  difrSff 

tf  2^  US  P0n‘011  °f  thC  fife’  Which  “  had  attlaft=d  and  attached 

N.  B.  This 
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N.  B.  This  experiment  fliouid  be  made'  in  a  clofet 

here  the  air  is  very  hill. 

The  light  of  the  fun  thiown  firongiy  on  both  cork  and 
fhot  by  a  looking-glafs  for  a  long  time  together,  does  not 
impair  the  repellency  in  the  leafl.  This  difference  be¬ 
tween  fire-light  and  fun-light,  is  another  thing  that  feems 
new  and  extraordinary  to  us. 

We  had  for  fome  time  been  of  opinion,  that  the  eledri- 
cal  fire  was  not  created  by  fridion,  but  colleded  bein°- 
really  an  element  diffus’d  among,  and  attraded  by  other 
mattei,  paiticularly  by  water  and  metals.  W e  had  even 
difcovered  and  demonfirated  its  afflux  to  the  eledrical 
fphere,  as  well  as  its  efflux,  by  means  of  little  light  wind¬ 
mill  wheels  made  of  Hift  paper  vanes,  fixed  obliquely  and 
turning  freely  on  fine  wire  axes.  Alfo  by  little  wheels  of 
the  fame  matter,  but  formed  like  water  wheels.  Of  the 
difpofition  and  application  of  which  wheels,  and  the  various 
phenomena  refulting,  I  could,  if  I  had  time,  fill  you  a  fheet. 
The  impoffibility  of  eledrifing  one’s  felf  (tho’  Handing 
on  wax)  by  rubbing  the  tube  and  drawing  the  fire  from 
it ;  and  the  manner  of  doing  it  by  paffing  the  tube  near  a 
perfon  or  thing  Handing  on  the  floor,  &c.  had  alfo  occurred 
to  us  fome  months  before  Mr  Watfon’ s  ingenious  Sequel 
came  to  hand,  and  thefe  were  fome  of  the  new  things  I 

O 

intended  to  have  communicated  to  you. — But  now  I  need 
only  mention  fome  particulars  not  hinted  in  that  piece, 
with  our  reafonings  thereupon ;  though  perhaps  the  latter 
might  well  enough  be  fpared. 

i .  A  per- 
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1.  A  perfon  ftanding  on  wax,  and  rubbing  the  tube,  and 
another  perfon  on  wax  drawing  the  fire  5  they  will  both  of 
them,  (provided  they  do  not  Hand  fo  as  to  touch  one  an¬ 
other)  appear  to  be  eledtrifed,  to  a  perfon  ftanding  on  the 

floor ;  that  is,  he  will  perceive  a  fpark  on  approaching 
each  of  them  with  his  knuckle. 

2.  But  if  the  perfons  on  wax  touch  one  another  during 
the  exciting  of  the  tube,  neither  of  them  will  appear  to  be 
eledtrifed. 

3.  If  they  touch  one  another  after  exciting  the  tube, 
and  drawing  the  fire  as  aforefaid,  there  will  be  a  ftronger 
fpark  between  them,  than  was  between  either  of  them  and 
the  perfon  on  the  floor. 

4.  After  fuch  ftrong  fpark,  neither  of  them  difcover  any 
electricity. 

Thefe  appearances  we  attempt  to  account  for  thus.  We 
fuppofe,  as  aforefaid,  that  eledtrical  fire  is  a  common  ele¬ 
ment,  of  which  every  one  of  the  three  perfons  abovemen- 
tioned  has  his  equal  fhare,  before  any  operation  is  begun 
with  the  tube,  A}  who  ftands  on  wax  and  rubs  the  tube, 
collects  the  eledtrical  fire  from  himfelf  into  the  glafs  ,  and 
his  communication  with  the  common  flock  being  cut  off 
by  the  wax,  his  body  is  not  again  immediately  fupply’d. 
B ,  (who  ftands  on  wax  likewife)  paffing  his  knuckle  along 
near  the  tube,  receives  the  fire  which  was  colledted  by  the 
glafs  from  A\  and  his  communication  with  the  common 
ftock  being  likewife  cut  off,  he  retains  the  additional  quan- 

a 

tity  received.  —  To  C,  ftanding  on  the  floor,  both  appear 

to 
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to  be  eledtrifed  :  for  he  having  only  the  middle  quantity 
of  eledtrical  fire,  receives  a  fpark  upon  approaching  B,  who 
has  an  over  quantity  ;  but  gives  one  to  A,  who  has  an  un¬ 
der  quantity.  If  A  and  B  approach  to  touch  each  other, 
the  fparlc  is  ftronger,  becaufe  the  difference  between  them 
is  greater;  after  fuch  touch  there  is  no  fparlc  between  ei¬ 
ther  of  them  and  C,  becaufe  the  eledtrical  fire  in  all  is  re  ¬ 
duced  to  the  original  equality.  -  If  they  touch  while  elec- 
trifing,  the  equality  is  never  deftroy’d,  the  fire  only  circu¬ 
lating.  Hence  have  arifen  fome  new  terms  among  us : 
we  fay,  B,  (and  bodies  like  circumftanced)  is  eledtrifed 
pojitively  ;  A,  negatively.  Or  rather,  B  is  eledtrifed  plus  ; 
A,  minus .  And  we  daily  in  our  experiments  eledtrife 
bodies  plus  or  minus  as  we  think  proper.  —  To  eledtrife 
plus  or  minus ,  no  more  needs  to  be  known  than  this,  that 
the  parts  of  the  tube  or  fphere  that  are  rubbed,  do,  in  the 
inflant  of  the  friction  attract  the  electrical  fire,  and  there¬ 
fore  take  it  from  the  thing  rubbing  :  the  fame  parts  imme¬ 
diately,  as  the  friction  upon  them  ceafes,  are  difpofed  to 
give  the  fire  they  have  received,  to  any  body  that  has  lefs. 
Thus  you  may  circulate  it,  as  Mr  Watfon  has  fhewn  ;  you 
may  alfo  accumulate  or  fubftract  it  upon  or  from  any  body, 
as  you  connect  that  body  with  the  rubber  or  with  the  re¬ 
ceiver,  the  communication  with  the  common  flock  being 
cut  off.  We  think  that  ingenious  gentleman  was  deceived, 
when  he  imagined  (in  his  Sequel)  that  the  electrical 
fire  came  down  the  wire  from  the  deling  to  the  gun- 
barrel,  thence  to  the  fphere,  and  fo  eledtrifed  the  machine 

and 
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and  the  man  turning  the  wheel,  &c.  We  fuppofe  it  was 
driven  off,  and  not  brought  on  through  that  wire  3  and  that 
the  machine  and  man,  &c.  were  eledtrifed  minus  •  /,  e.  had 
lefs  eledlrical  fire  in  them  than  things  in  common. 

As  the  veflel  is  juft  upon  failing,  I  cannot  give  you  fo 
large  an  account  ot  American  Eledlricity  as  I  intended  :  I 
fhall  only  mention  a  few  particulars  more, — -We  find  gra¬ 
nulated  lead  bettei  to  fill  the  phial  with,  than  water  beinv 
ea lily  warmed,  and  keeping  warm  and  dry  in  damp  air.— 

We  fire  fpirits  with  the  wire  of  the  phial. - We  light 

candles,  juft  blown  out,  by  drawing  a  fpark  among  the 
imoke  between  the  wire  and  fnufters.  — We  reprelent 
lightning,  by  palling  the  wire  in  the  dark  over  a  china 
plate  that  has  gilt  flowers,  or  applying  it  to  gilt  frames  of 
looking-glafles,  &c.  —  We  eledtrife  a  perfon  twenty  or 
more  times  running,  with  a  touch  of  the  finger  on  the 
wire,  thus  :  He  ftands  on  wax.  Give  him  the  eledtrifed 
bottle  in  his  hand.  Touch  the  wire  with  your  finder,  and 
then  touch  his  hand  or  face ;  there  are  fparks  every 
time.— We  increafe  the  force  of  the  eledtrical  kifs  vaftly, 
thus :  Let  A  and  B  ftand  on  wax ;  give  one  of  them  the 
eledtriled  phial  in  hand ;  let  the  other  take  hold  of  the 
wire  ;  there  will  be  a  fmall  fpark  ;  but  when  their  lips 
approach,  they  will  be  ftruck  and  Ihock’d.  The  fame  if 
another  gentleman  and  lady,  C  and  D,  ftanding  alfo  on 
wax,  and  joining  hands  with  A  and  B,  falute,  or  fhake 
hands.— We  fufpend  by  fine  filk  thread  a  counterfeit  fpider, 
made  of  a  fmall  piece  of  burnt  cork,  with  legs  of  linnen 

thread. 
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thread,  and  a  grain  or  two  of  lead  ftuck  in  him  to  give 
him  more  weight.  Upon  the  table,  over  which  he  hangs, 
we  flick  a  wire  upright  as  high  as  the  phial  and  wire, 
two  or  three  inches  from  the  Jpider ;  then  we  animate 
him  by  letting  the  eledrified  phial  at  the  lame  diftance  on 
tne  other  tide  of  him  ;  he  will  immediately  fly  to  the 
wire  of  the  phial,  bend  his  legs  in  touching  it,  then  fpring 
ori;  and  hy  to  the  wire  in  the  table ;  thence  again  to  the 
wire  of  the  phial,  playing  with  his  legs  againft  both  in  a 
very  entertaining  manner,  appearing  perfectly  alive  to  per- 
fons  unacquainted.  He  will  continue  this  motion  an  hour 
or  more  in  dry  weather. — We  eledtrify,  upon  wax  in  the 
dark,  a  book  that  has  a  double  line  of  gold  round  upon  the 
covers,  and  then  apply  a  knuckle  to  the  gilding ;  the  fire 
appears  every  where  upon  the  gold  like  a  flalh  of  light¬ 
ning  :  not  upon  the  leather,  nor,  if  you  touch  the  leather 
inftead  of  the  gold.  We  rub  our  tubes  with  buckikin, 
and  obferve  always  to  keep  the  fame  fide  to  the  tube,  and 
never  to  fully  the  tube  by  handling ;  thus  they  work  rea¬ 
dily  and  eafily,  without  the  leaft  fatigue  ;  efpecially  if  kept 
in  tight  paflboard  cafes,  lined  with  flannel,  and  fitting 
clofe  to  the  tube.* — This  I  mention  becaufe  the  European 
papers,  on  Eledricity,  frequently  fpeak  of  rubbing  the 
tube,  as  a  fatiguing  exercife.  Our  fpheres  are  fixed  on 
iron  axes,  which  pafs  through  them.  At  one  end  of  the 


*  Our  tubes  are  made  here  of  green  glafs,  27  or  ^0  inches  long,  as  big 
as  can  be  grafped.  Electricity  is  fo  much  in  vogue,  that  above  one  hun¬ 
dred  of  them  have  been  fold  within  thefc  lour  months  path 
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axis  there  is  a  fmall  handle,  with  which  you  turn  the  fphere 
like  a  common  grindftone.  This  we  find  very  commodious, 
as  the  machine  takes  up  but  little  room,  is  portable,  and 
may  be  enclofed  in  a  tight  box,  when  not  in  ufe.  ’Tis 
true,  the  fphere  does  not  turn  fo  fwift,  as  when  the  great 
wheel  is  ufed  :  but  fwiftnefs  we  think  of  little  impor¬ 
tance,  fince  a  few  turns  will  charge  the  phial,  &c 
fufficiently. 


1  -am,  &c. 


B.  FRANKLIN, 


L  E  T- 


JSV*V** 

» 


Letters  on  Electricity.  19 

1 -  -1  11  ■  1  '■  - ti — min1  m  ■  i.i  n  .  — ..n  i  .  i 


LETTER  III. 

FROM 

Mr  Benj.  Franklin,  in  Philadelphia * 

t  o 

p 

Peter  Collinson,  Efq;  F.  R.  S.  London ;• 

Farther  Experiments  and  Observations  in 

ELECT  RICIT  Y. 

SIR,  17480 

§  1.  /"|^HERE  will  be  the  fame  explofion  and  fhock 
JL  if  the  eledrified  phial  is  held  in  one  hand  by 
the  hook,  and  the  coating  touch’d  with  the  other,  as  when 
held  by  the  coating,  and  touch'd  at  the  hook. 

2.  To  take  the  charg’d  phial  fafely  by  the  hook,  and 
not  at  the  fame  time  diminifh  its  force,  it  muft  firft  be  fet 
down  on  an  eledric  per  fe. 

3.  The  phial  will  be  eledrified  as  ftrongly,  if  held  by 
the  hook,  and  the  coating  apply’d  to  the  globe  or  tubes 
as  when  held  by  the  coating,  and  the  hook  apply’d. 

D  2  4*  But 
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4.  But  the  direction  of  the  eledlrical  fire  beinrr  different 
in  the  charging,  will  alfo  be  different  in  the  explofion. 
The  bottle  charged  thro’  the  hook,  will  be  difcharged  thro’ 
the  hook ;  the  bottle  charged  thro’  the  coating,  will  be 
difcharged  thro’  the  coating,  and  not  otherways :  for  the 
fire  muft  come  out  the  fame  way  it  went  in. 

.  5'  T°  prove  this  5  take  two  bottles  that  were  equally 
c  larged  thro’  the  hooks,  one  in  each  hand  ;  brine-  their 

looks  near  each  other,  and  no  fpark  or  fhock  will  follow; 
becaufe  each  hook  is  difpofed  to  give  fire,  and  neither  to 
receive  it.  Set  one  of  the  bottles  down  on  glafs,  take  it  up 
by  the  hook,  and  apply  its  coating  to  the  hook  of  the 
other ;  then  there  will  be  an  explofion  and  fhock,  and 
botn  bottles  will  be  difcharged. 

6.  Vary  the  experiment,  by  charging  two  phials  equally, 
one  thro’  the  hook,  the  other  thro’  the  coating  :  hold  that 
by  the  coating  which  was  charged  thro’  the  hook  ;  and 
that  by  the  hook  which  was  charged  thro’  the  coating  :  ap~ 
ply  the  hook  of  the  firft  to  the  coating  of  the  other,  and 
there  will  be  no  fhock  or  fpark.  Set  that  down  on  glafs 
which  you  held  by  the  hook,  take  it  up  by  the  coating, 

and  bring  the  two  hooks  together :  a  fpark  and  fhock  will 
follow,  and  both  phials  be  difcharged. 

In  this  experiment  the  bottles  are  totally  difcharged,  or 
the  equilibrium  within  them  reftored.  The  abounding  of 
fire  in  one  of  the  hooks  (or  rather  in  the  internal  furface  of 
one  bottle)  being  exactly  equal  to  the  wanting  of  the  other : 
v..)  1  theiclore,  as  each  bottle  has  in  itielf  the  abounding  as 

well 
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well  as  the  wanting ,  the  wanting  and  abounding  muft  be 
equal  in  each  bottle.  See  §.8,  9,  io,  1 1.  But  if  a  man 
holds  in  his  hands  two  bottles,  one  fully  eledrify’d,  the  ‘ 
other  not  at  all,  and  brings  their  hooks  together,  he  has 
but  half  a  fhock,  and  the  bottles  will  both  remain  half 

eledrified,  the  one  being  nail  difcharged,  and  the  other 
half  charged. 

7 *  P^ce  two  phials  equally  charged  on  a  table  at  five  or 
fix  inches  difiance.  Let  a  cork-ball,  fufpended  by  a  filk 
thread,  hang  between  them.  If  the  phials  were  both 
charged  through  their  hooks,  the  cork,  when  it  has  been 
attraded  and  repell’d  by  the  one,  will  not  be  attracted,  but 
equally  repelled  by  the  other.  But  if  the  phials  were 
charged,  the  one  thro’  the  hook,  and  the  other  *  thro’  the 
coating,  the  ball,  when  it  is  repelled  from  one  hook,  will 
be  as  ftrongly  attraded  by  the  other,  and  play  vigoroufly 
between  them,  ’till  both  phials  are  nearly  difcharged, 

8.  When  we  ufe  the  terms  of  charging  and  dij'charging 
the  pnial,  tis  in  compliance  with  cuftom,  and  for  want  of 
others  more  fuitabie.  Since  we  are  of  opinion,  that  there 
is  really  no  more  eledrical  fire  in  the  phial  after  what  is 
called  its  charging ,  than  before,  nor  lels  after  its  difcharging ; 
excepting  only  the  fmall  fpark  that  might  be  given  to, 
and  taken  from,  the  non-eledric  matter,  if  feparated  from 

*  charge  a  bottle  conimodioufly  through  the  coating,  place  it  on 
a  glafs  fland  ;  form  a  communication  from  the  prime  conductor  to  the 
coating,  and  another  from  the  hook  to  the  wall  or  floor.  When  it  is 
charged,  remove  the  latter  communication  before  you  take  hold  of  the 
bottle*  otherwise  great  part  of  the  fire  will  efcape  by  it. 

the 
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the  bottle,  which  fpark  may  not  be  equal  to  a  five  hun« 
dredth  part  of  what  is  called  the  explofion. 

For  if,  on  the  explofion,  the  electrical  fire  came  out  of 
the  bottle  by  one  part,  and  did  not  enter  in  again  by  ano¬ 
ther;  then,  if  a  man  handing  on  wax,  and  holding  the 
bottle  in  one  hand,  takes  the  fpark  by  touching  the  wire- 
hook  with  the  other,  the  bottle  being  thereby  dif charged , 
the  man  would  be  charged ;  or  whatever  fire  was  loft  by 
one,  would  be  found  in  the  other,  fince  there  was  no  way 
for  its  efcape  :  But  the  contrary  is  true. 

9.  Befides,  the  phial  will  not  fuffer  what  is  called  a 
charging ,  unlefs  as  much  fire  can  go  out  of  it  one  way,  as 
is  thrown  in  by  another.  A  phial  cannot  be  charged 
handing  on  wax  or  glafs,  or  hanging  on  the  prime  con¬ 
ductor,  unlefs  a  communication  be  formed  between  its 
coating  and  the  floor. 

10.  uut  fufpend  two  or  more  phials  on  the  prime  con¬ 
ductor,  one  hanging  to  the  tail  of  the  other  ;  and  a  wire 
ii  om  the  laft  to  the  floor,  an  equal  number  of  turns  of  the 
wheel  fhall  charge  them  all  equally,  and  every  one  as 
much  as  one  alone  would  have  been.  What  is  driven  out 
at  the  tail  of  the  firft,  ferving  to  charge  the  fecond ;  what 
j.j  dnven  out  of  the  fecond  charging  the  third;  and  fo  on„ 
By  this  means  a  great  number  of  bottles  might  be  charged 
with  the  fame  labour,  and  equally  high,  with  one  alone, 
were  it  not  that  every  bottle  receives  new  fire,  and  lofes 
its  old  with  fome  reluCtance,  or  rather  gives  fome  fmall  re- 
fiftance  to  the  charging,  which  in  a  number  of  bottles  be¬ 
comes 
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comes  more  equal  to  the  charging  power,  and  To  repels  the 
fire  back  again  on  the  globe,  fooner  than  a  fingle  bottle 
would  do. 

1  r.  When  a  bottle  is  charged  in  the  common  way,  its 
infide  and  outfide  furfaces  Hand  ready,  the  one  to  give  fire 
by  the  hook,  the  other  to  receive  it  by  the  coating  •  the 
one  is  full,  and  ready  to  throw  out,  the  other  empty  and 
extremely  hungry  ;  yet  as  the  firfl  will  not  give  out ,  unlefs 
the  other  can  at  the  fame  infant  receive  in  •  fo  neither  will 
the  latter  receive  in,  unlefs  the  firft  can  at  the  fame  infant- 

give  out.  When  both  can  be  done  at  once,  ’tis  done  with 
inconceivable  quicknefs  and  violence. 

12.  So  a  frait  fpring  (tho’  the  comparifon  does  not  a- 
gree  in  every  particular)  when  forcibly  bent,  mufr,  to  re- 
fore  itfelf,  contract  that  fide  which  in  the  bending  was  ex¬ 
tended,  and  extend  that  which  was  contracted ;  if  either  of 
thefe  two  operations  be  hindered,  the  other  cannot  be 
done.  But  the  fpring  is  not  faid  to  be  charg’d  with  elafi i- 

city  when  bent,  and  difcharg’d  when  unbent ;  its  quantity 
of  elaf  icity  is  always  the  fame. 

13.  Glafs,  in  like  manner,  has,  within  its  fubflance, 
always  the  fame  quantity  of  electrical  fire,  and  that  a  very 
great  quantity  in  proportion  to  the  mafs  of  glafs,  as  frail 
be  frewn  hereafter. 

14.  This  quantity,  proportioned  to  the  glafs,  it  frongly 
and  obf  inately  retains,  and  will  have  neither  more  nor  lei's, 
though  it  will  fuffer  a  change  to  be  made  in  its  parts  and 
iituation ;  i.  e.  we  may  take  away  part  of  it  from  one 

of 
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of  the  Tides,  provided  we  throw  an  equal  quantity  into 
the  other. 

15.  Vet  when  the  fituation  of  the  eledlrical  fire  is  thus 
alteied  in  the  glafs.;  when  Tome  has  been  taken  from  one 
iide,  and  fomc  added  to  the  other,  it  will  not  be  at  reft  or 
in  its  natural  date,  till  tis  reftored  to  its  original  equality. — 
And  this  reftitution  cannot  be  made  through  the  fubftance 
of  thu  glais,  but  muft  be  done  by  a  non-eledtric  communi~ 
cation  formed  without,  from  Turface  to  furface. 

16.  Thus,  the  whole  Torce  of  the  bottle,  and  power  of 
giving  a  hiock,  is  in  the  glass  itself  ;  the  non-eledtrics 
m  contract  with  the  two  luifaces,  ferving  only  to  gi'vc  and 
receive  to  and  from  the  feveral  parts  of  the  glafs  5  that  is,  to 
give  on  one  fide,  and  take  away  from  the  other. 

^7*  This  was  difcovered  here  in  the  following  manner* 
Piirpofing  to  analyfe  the  electrified  bottle,  in  order  to  find 
wherein  its  ftrength  lay,  we  placed  it  on  glafs,  and  drew 
out  the  cork  and  wire  which  for  that  purpofe  had  been 
Joofely  put  in.  Then  taking  the  bottle  in  one  hand,  and 
bringing  a  finger  of  the  other  near  its  mouth,  a  ftrong  fpark 
came  from  the  v/ater,  and  the  (Lock  was  as  violent  as  if  the 
wire  had  remained  in  it,  which  fhewed  that  the  force  did 
not  lie  in  the  wire.  Then  to  find  if  it  refided  in  the  water 
being  crouded  into  and  condenfed  in  it,  as  confin'd  by  the 
glafs,  which  had  been  our  former  opinion,  we  electrify ’d 
tbe  bov^i1^  again,  and  placing  it  on  glafi,  drew  out  the  wire 
and  cork  as  before  ;  then  taking  up  the  bottle,  we  decanted 
all  its  water  into  an  empty  bottle,  which  likewife  hood  on 
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glafs  ;  and  taking  up  that  other  bottle,  we  expedted  if  the 
force  refided  in  the  water,  to  find  a  fhock  from  it ;  but 
there  was  none.  We  judged  then,  that  it  muff  either  be 
loft  in  decanting,  or  remain  in  the  firft  bottle.  The  latter 
we  found  to  be  true  :  for  that  bottle  on  trial  gave  the  fhock, 
though  filled  up  as  it  flood  with  frefh  uneledtrified  water 
from  a  tea-pot. — To  find  then,  whether  glafs  had  this 
property  merely  as  glafs,  or  whether  the  form  contributed 
anything  to  it;  we  took  a  pane  of  fafh-glafs,  and  laying 
it  on  the  hand,  placed  a  plate  of  lead  on  its  upper  furface  ; 
then  eledtrify  d  that  plate,  and  bringing  a  finger  to  it,  there 
was  a  fpark  and  fhock.  We  then  took  two  plates  of  lead 
of  equal  dimenfions,  but  lefs  than  the  tglafs  by  two  inches 
every  way,  and  eledtrified  the  glafs  between  them,  by 
eledtrifying  the  uppermoft  lead  ;  then  feparated  the  glafs 
from  the  lead,  in  doing  which,  what  little  fire  might 
be  in  the  lead  was  taken  out,  and  the  glafs  being  touched 
in  the  eledtrified  parts  with  a  finger,  afforded  only  very 
fmall  pricking  fparks,  but  a  great  number  of  them  might 
be  taken  from  different  places.  Then  dexteroufly  placing 
it  again  between  the  leaden  plates^  and  compleating  a 
circle  between  the  two  furfaces,  a  violent  fhock  en- 
fued.  Which  demonftrated  the  power  to  refide  in 
glafs  as  glafs,  and  that  the  non~eledtrics  in  contact  ferved 
only,  like  the  armature  of  a  loadftone,  to  unite  the  force 
of  the  feveral  parts,  and  bring  them  at  once  to  any  point 
defired  :  it  being  a  property  of  a  non-eledtric,  that  the 
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whole  body  inftantly  receives  or  gives  what  eledrical  fire 
is  given  to  or  taken  from  any  one  of  its  parts. 

18.  Upon  this,  we  made  what  we  call'd  an  ekttrical- 
battery ,  confifting  of  eleven  panes  of  large  fafh-glafs,  arm’d 
with  thin  leaden  plates  parted  on  each  fide,  placed  verti¬ 
cally,  and  fupported  at  two  inches  diftance  on  filk  cords, 
with  thick  hooks  of  leaden  wire,  one  from  each  fide. 

a  * 

ftanding  upright,  dirtant  from  each  other,  and  convenient 
communications  of  wire  and  chain,  from  the  giving  fide  of 
one  pane*  to  the  receiving  fide  of  the  other  5  that  fo  the 
whole  might  be  charged  together,  and  with  the  fame  la¬ 
bour  as  one  fingle  pane ;  and  another  contrivance  to  bring 
the  giving  fides,  after  charging,  in  contrad  with  one  long 
wire,  and  the  receivers  with  another,  which  two  long 
wires  would  give  the  force  of  all  the  plates  of  glafs  at  once 
through  the  body  of  any  animal  forming  the  circle  with 
them.  The  plates  may  alfo  be  difcharged  feparately,  or 
any  number  together  that  is  required.  But  this  machine 
is  not  much  ufed,  as  not  perfectly  anfwering  our  intention 
with  regard  to  the  eafe  of  charging,  for  the  reafon- 
given  §.  10.  We  made  alfo  of  large  glafs  panes,  magical 
pidures,  and  felf-moving  animated  wheels,  prefently  to  be 
defcribed. 

1 9.  I  perceive  by  the  ingenious  Mr  Watfon' s  laft  book, 
lately  received,  that  Dr  Be  vis  had  ufed,  before  we  had, 
panes  of  glafs  to  give  a  fhock  3  though,  till  that  book  came 
to  hand,  I  thought  to  have  communicated  it  to  you  as  a 
novelty.  The  excufe  for  mentioning  it  here  is,  that  we- 

tried 
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Cried  the  experiment  differently,  drew  different  confe- 
quences  from  it,  (for  Mr  JVatfon  ftill  feems  to  think  the 
fire  accumulated  on  the  non-elettric  that  is  in  contadt  with 
the  glafs,  page  72)  and,  as  far  as  we  hitherto  know,  have 
carried  it  farther. 

20.  The  magical  pidture  is  made  thus*  Having  a  large 
metzotinto  with  a  frame  and  glafs,  fuppofe  of  the  King, 
(God  preferve  him)  take  out  the  print,  and  cut  a  pannei 
out  of  it,  near  two  inches  diftant  from  the  frame  all  round* 
If  the  cut  is  through  the  pidture  *tis  not  the  worfe.  With 
thin  pafte,  or  gum-water,  fix  the  border  that  is  cut  off  on 
the  infide  of  the  glafs,  prefling  it  fmooth  and  clofe ;  then 
fill  up  the  vacancy  by  gilding  the  glafs  well  with  leaf  gold 
or  brafs.  Gild  likewife  the  inner  edge  of  the  back  of  the 
frame  all  round  except  the  top  parts  and  form  a  commu¬ 
nication  between  that  gilding  and  the  gilding  behind  the 
glafs :  then  put  in  the  board,  and  that  fide  is  finifhed. 
Turn  up  the  glafs,  and  gild  the  fore  fide  exadtly  over  the 
back  gilding,  and  when  it  is  dry,  cover  it  by  parting  on 
the  pannei  of  the  pidture  that  hath  been  cut  out,  obferving 
to  bring  the  correfpondent  parts  of  the  border  and  pidture 
together,  by  which  the  pidture  will  appear  of  a  piece  as  at 
firft,  only  part  is  behind  the  glafs,  affd  part  before. — Hold 
the  pidture  horizontally  by  the  top,  and  place  a  little 
moveable  gilt  crown  on  the  king’s  head.  If  now  the  pic¬ 
ture  be  moderately  eledtrified,  and  another  perfon  take  hold 
of  the  frame  with  one  hand,  fo  that  his  fingers  touch  its 
infide  gilding,  and  with  the  other  hand  endeavour  to  take 
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off  the  crown,  he  will  receive  a  terrible  blow,  and  fail  in 
the  attempt.  If  the  picture  were  highly  charged,  the  con- 
fequence  might  perhaps  be  as  fatal  as  that  of  high-treafon ; 
for  when  the  fpark  is  taken  through  a  quire  of  paper  laid 
on  the  pidture,  by  means  of  a  wire  communication,  it 
makes  a  fair  hole  thro’  every  Iheet,  that  is,  thro’  48  leaves, 
v though  a  quiie  of  paper  is  thought  good  armour  againft 
the  puili  of  a  fword,  or  even  againft  a  piftol  bullet)  and 
the  crack  is  exceeding  loud.  The  operator,  who  holds  the 
pi<.ture  by  the  upper  end,  where  the  infide  of  the  frame  is 
not  gilt,  to  prevent  its  falling,  feels  nothing  of  the  fhock, 
and  may  touch  the  face  of  the  pidture  without  danger, 
which  he  pretends  is  a  teft  of  his  loyalty. - If  a  ring  of 

perfons  take  the  fhock  among  them,  the  experiment  is 
called,  The  Confpirators. 

21.  On  the  principle,  in  §.  7,that  hooks  of  bottles,  dif¬ 
ferently  charged,  will  attradt  and  repel  differently,  is  made 
an  eledtrical  wheel,  that  turns  with  confiderable  ftrength. 

fmall  upright  fhaft  of  wood  paftes  at  right  angles  through 
a  thin  round  boaid,  of  about  twelve  inches  diameter,  and 
turns  on  a  lharp  point  of  iron  fixed  in  the  lower  end,  while 
a  ftrong  wire  in  the  upper  end  palling  thro’  a  fmall  hole 
in  a  thin  brafs  plate,  keeps  the  fhaft  truly  vertical.  About 
thirty  radii  of  equal  length,  made  of  falh-glafs  cut  in  nar¬ 
row  ftrips,  iffue  horizontally  from  the  circumference  of  the 
board,  the  ends  moft  diftant  from  the  center  being  about 
foui  inches  apait.  On  the  end  of  every  one,  a  brals  thim¬ 
ble  is  fixed.  If  now  the  wire  of  a  bottle  eledtrified  in  the 

common 
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common  way,  be  brought  near  the  circumference  of  this 
wheel,  it  will  attradl  the  neared  thimble,  and  fo  put  the 
wheel  in  motion ;  that  thimble,  in  pafling  by,  receives  a 
fpark,  and  thereby  being  eledtrified  is  repelled,  and  fo  dri¬ 
ven  forwards ;  while  a  fecond  being  attracted,  approaches 
the  wire,  receives  a  fpark,  and  is  driven  after  the  fird,  and 
fo  on  till  the  wheel  has  gone  once  round,  when  the  thim¬ 
bles  before  eledtrified  approaching  the  wire,  indead  of  being 
attracted  as  they  were  at  fird,  are  repelled,  and  the  motion 
prefently  ceafes.— But  if  another  bottle  which  had  been 
charged  through  the  coating  be  placed  near  the  fame 
wheel,  its  wire  will  attradl  the  thimble  repelled  by  the 
fird,  and  thereby  double  the  force  that  carries  the  wheel 
round  ;  and  not  only  taking  out  the  fire  that  had  been 
communicated  to  the  thimbles  by  the  fird  bottle,  but  even 
robbing  them  of  their  natural  quantity,  indead  of  being  re¬ 
pelled  when  they  come  again  towards  the  fird  bottle,  they 
are  more  drongly  attradted,  fo  that  the  wheel  mends  its 
pace,  till  it  goes  with  great  rapidity  twelve  or  fifteen  rounds 
in  a  minute,  and  with  fuch  drength,  as  that  the  weight  of 
one  hundred  Spanijh  dollars  with  which  w^e  once  loaded 
it,  did  not  feem  in  the  lead  to  retard  its  motion.-— This  is 
called  an  eledtrical  jack  ;  and  if  a  large  fowl  were  fpiited 
on  the  upright  draft,  it  would  be  carried  round  before  a 
fire  with  a  motion  fit  for  roading. 

22.  But  this  wheel,  like  thofe  driven  by  wind,  water,  or 
weights,  moves  by  a  foreign  force,  to  wit,  that  of  the  bot¬ 
tles.  The  fe If- moving  wheel,  though  condrudted  on  the 

fame 
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fame  principles,  appears  more  furprifing.  ’Tis  made  of  a. 
thin  round  plate  of  window-glafs,  feventeen  inches  diame¬ 
ter,  well  gilt  on  both  fides,  all  but  two  inches  next  the 
edge.  Two  fmall  hemifpheres  of  wood  are  then  fixed 
with  cement  to  the  middle  of  the  upper  and  under  fides, 
centrally  oppofite,  and  in  each  of  them  a  thick  ftrong  wire 
eight  or  ten  inches  long,  which  together  make  the  axis  of 
the  wheel.  It  turns  horizontally  on  a  point  at  the  lower 
end  of  its  axis,  which  refts  on  a  bit  of  brafs  cemented 
within  a  glafs  falt-cellar.  The  upper  end  of  its  axis  pafles 
thro’  a  hole  in  a  thin  brafs  plate  cemented  to  a  long  ftrong 
piece  of  glafs^  which  keeps  it  fix  or  eight  inches  diftant 
from  any  non-ele<ftric,  and  has  a  fmall  ball  of  wax  or  me¬ 
tal  on  its  top  to  keep  in  the  fire.  In  a  circle  on  the  table 
which  fupports  the  wheel,  are  fixed  twelve  fmall  pillars  of 
glafs,  at  about  four  inches  diftance,  with  a  thimble  on  the 
top  of  each.  On  the  edge  of  the  wheel  is  a  fmall  leaden 
bullet,  communicating  by  a  wire  with  the  gilding  of  the 
upper  furface  of  the  wheel ;  and  about  fix  inches  from  it 
is  another  bullet  communicating  in  like  manner  with  the 
tinder  furface.  When  the  wheel  is  to  be  charged  by  the 
upper  furface,  a  communication  muft  be  fnade  from  the 
under  furface  to  the  table.  When  it  is  well  charged  it  be¬ 
gins  to  move ;  the  bullet  neareft  to  a  pillar  moves  towards 
the  thimble  on  that  pillar,  and  pafting  by  eledrifies  it,  and 
then  pufhes  itfelf  from  it ;  the  fucceeding  bullet.  Which 
communicates  with  the  other  furface  of  the  glafs,  more 
ftrongly  attracts  that  thimble  on  account  of  its  being  be¬ 
fore 
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Fore  electrified  by  the  other  bullet ;  and  thus  the  wheel  en- 
creafes  its  motion  till  it  comes  to  fuch  a  height  as  that  the 
refiftance  of  the  air  regulates  it.  It  will  go  half  an  hour, 
and  make  one  minute  with  another  twenty  turns  in  a  mi¬ 
nute,  which  is  fix  hundred  turns  in  the  whole ;  the  bul¬ 
let  of  the  upper  furface  giving  in  each  turn  twelve  fparks, 
to  the  thimbles,  which  makes  feven  thoufand  two  hun¬ 
dred  fparks  5  and  the  bullet  of  the  under  furface  receiving 
as  many  from  the  thimbles ;  thofe  bullets  moving  in  the 
time  near  two  thoufand  five  hundred  feet. — The  thim¬ 
bles  are  well  fixed,  and  in  fo  exadt  a  circle,  that  the  bul¬ 
lets  may  pafs  within  a  very  fmall  difiance  of  each  of 
them.— If  inftead  of  two  bullets  you  put  eight,  four  com¬ 
municating  with  the  upper  furface,  and  four  with  the  un¬ 
der  furface,  placed  alternately  ;  which  eight,  at  about  fix 
inches  diftance,  completes  the  circumference,  the  force  and 
fwiftnefs  will  be  greatly  increafed,  the  wheel  making  fifty 
turns  in  a  minute  •  but  then  it  will  not  continue  moving  fo 
long.- — -Thefe  wheels  may  be  applied,  perhaps,  to  the 
ringing  of  chimes,  and  moving  of  light-made  Orreries. 

23.  A  fmall  wire  bent  circularly  with  a  loop  at  each 
end  ;  let  one  end  reft  againft  the  under  furface  of  the 
wheel,  and  bring  the  other  end  nearer  the  upper  furface, 
it  will  give  a  terrible  crack,  *  nd  the  force  will  be  dis¬ 
charged. 

24.  Every  fpark  in  that  manner  drawn  from  the  furface 
of  the  wheel,  makes  a  round  hole  in  the  gilding,  tearing 
off  a  part  of  it  in  coming  out ;  which  thews  that  the  fire 
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is  not  accumulated  on  the  gilding,  but  is  in  the  glafs 
itfelf. 

2j-  ^ie  gilding  being  varnifhed  over  with  turpentine 
varnilh,  the  varnifh,  tho’  dry  and  hard,  is  burnt  by  the  fpark 
diawn  tin  o  it,  and  gives  a  ftrong  fmell  and  vifible  fmoke. 
And  when  the  fpark  is  drawn  thro’  paper,  all  round  the 
hole  made  by  it,  the  paper  will  be  blacked  by  the  fmoke, 
which  fometimes  penetrates  feveral  of  the  leaves.  Part 

of  the  gilding  torn  off,  is  alfo  found  forcibly  driven  into 
the  hole  made  in  the  paper  by  the  ffroke. 

26.  ’Tis  amazing  to  obferve  in  how  fmall  a  portion  of 
glafs  a  great  electrical  force  may  lie.  A  thin  glafs  bubble, 
about  an  inch  diameter,  weighing  only  fix  grains,  being 
jialf  filled  with  watei,  partly  gilt  on  the  outline,  and  fur- 
nidi  d  with  a  wire  hook,  gives,  when  electrified,  as  great 
a  fliock  as  a  man  can  w'ell  bear.  As  the  glafs  is  thickefl 
near  the  01  nice,  J  fuppole  the  lower  half,  which  being  gilt 
was  electrified,  and  gave  the  fhock,  did  not  exceed  tw^o 
grains ;  for  it  appeared,  when  broke,  much  thinner  than 
the  upper  half.  — If  one  of  thefe  thin  bottles  be  electrified 
by  the  coating,  and  the  fpark  taken  out  thro’  the  gilding 
it  will  break  the  glafs  inwards  at  the  fame  time  that  it 
breaks  the  gilding  outwards. 

27.  And  allowing  (for  the  reafons  before  given,  §.  8,  9, 
10.)  that  there  is  no  more  electrical  fire  in  a  bottle  after 
charging,  than  before,  how  great  muff  be  the  quantity  in 
this  fmall  portion  of  glafs !  It  feems  as  if  it  were  of  its  very 
fubflance  and  efience,  I  eihaps  if  that  due  quantity  of 

eledrical 
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eledtrical  fire  fo  obftinately  retained  by  glafs,  could  be 
feparated  from  it,  it  would  no  longer  be  glafs ;  it  might 
lofe  its  tranfparency,  or  its  brittlenefs,  or  its  elafticity. - 

Experiments  may  pofiibly  be  invented  hereafter,  to  dif- 
cover  this. 

27.  We  were  furprifed  at  the  account  given  in  Mr  Wat- 
fo?i  s  book,  of  a  fhock  communicated  through  a  great  fpace 
of  dry  ground,  and  fufpeit  there  muft  be  fome  metaline 
quality  in  the  gravel  of  that  ground  ;  having  found  that 
fimple  dry  earth,  rammed  in  a  glafs  tube,  open  at  both 
ends,  and  a  wire  hook  inferted  in  the  earth  at  each  end,  the 
earth  and  wires  making  part  of  a  circle,  would  not  con¬ 
duit  the  lead:  perceptible  fhock,  and  indeed  when  one 
wire  was  eleitrify  d,  the  other  hardly  fhowed  any  figns  of 
its  being  in  connexion  with  it. — Even  a  thoroughly 
wet  pack-thread  fometimes  fails  of  conducing  a  fhock, 
tho’  it  otherwife  conduits  electricity  very  well.  A  dry 
cake  of  ice,  or  an  icicle  held  between  two  in  a  circle,  like- 
wife  prevents  the  fhock  ;  which  one  would  not  expeit,  as 
water  conduds  it  fo  perfeitly  well— Gilding  on  a  new 
book,  tho  at  firft  it  conduits  the  fhock  extremely  well, 
yet  fails  after  ten  or  a  dozen  experiments,  though  it  ap¬ 
pears  otherwife  in  all  refpeits  the  fame,  which  we  cannot 
account  for. 

28.  There  is  one  experiment  more  which  furprizes  us, 
and  is  not  hitherto  fatisfaitorily  accounted  for;  it  is  this: 
Place  an  iron  fhot  on  a  glafs  ftand,  and  let  a  ball  of  damp 
cork,  fufpended  by  a  filk  thread,  hang  in  contait  with  the 

F  fhot 
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fhot.  Take  a  bottle  in  eacli  hand,  one  that  is  eledrify’d 
through  the  hook,  the  other  through  the  coating:  Apply 
the  giving  wire  to  the  lliot,  which  will  electrify  it  pofuive- 
i'y,  and  the  cork  ihall  be  repelled  :  then  apply  the  requiring 
Vv  iie,  which  will  take  out  the  fpark  given  by  the  other  j 
when  the  cork  will  return  to  the  fhot :  Apply  the  fame 
again,  and  take  out  another  fpark,  fo  will  the  fhot  be 
eledrify’d  negatively ;  and  the  cork  in  that  cafe  fhall  be 
lepehed  equally  as  berore.  Then  apply  the  giving  wire 
to  the  fhot,  and  give  the  fpark  it  wanted,  to  will  the  cork 
return  :  Give  it  another,  which  will  be  an  addition  to  its 
natural  quantity,  fo  will  the  cork  be  repelled  again  :  And 
fo  may  the  experiment  be  repeated  as  long  as  there  is  any 
charge  in  the  bottles.  Which  thews  that  bodies  having 
lefs  than  the  common  quantity  of  Eledricity,  repel  each 
other,  as  well  as  thofe  that  have  more. 

Chagrined  a  little  that  we  have  hitherto  been  able  to 
produce  nothing  in  this  way  of  ufe  to  mankind  3  and  the 
hot  weather  coming  on,  when  eledrical  experiments  are 
not  fo  agreeable,  ’tis  propofed  to  put  an  end  to  them  for 
this  feafon,  fomewhat  humoroufly,  in  a  party  of  pleafure, 
on  the  banks  of  Skuylkil  *.  Spirits,  at  the  fame  time,  are 
to  be  fired  by  a  fpark  font  from  fide  to  fide  through  the 
river,  without  any  other  condudor  than  the  water ;  an 
experiment  which  we  fome  time  fince  performed,  to  the 

*  The  river  [hat  walhes  one  fide  of  Philadelphia ,  as  the  Delaware  does 
tiic  other ;  both  are  ornamented  with  the  fummer  habitations  of  the  citi¬ 
zens,  and  the  agreeable  manftons  of  the  principle  people  of  this  colony. 

amazement 
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amazement  of  many.  A  turkey  is  to  be  killed  for  our 
dinner  by  the  electrical  Jhock,  and  roafted  by  the  eleCtrical 
jack ,  before  a  fire  kindled  by  the  electrified  bottle  when 
the  healths  of  all  the  famous  electricians  in  England \  Hol¬ 
land,  France ,  and  Germany ,  are  to  be  drank  in  *  electrified 
bumpers ,  under  the  difcharge  of  guns  from  the  electrical 
battery . 


*  An  electrified  bumper  is  a  (mail  thin  glafs  tumbler,  near  filled  with 
wine,  and  eledrified  as  the  bottle.  This  when  brought  to  the  lips  gives, 
a  {hock,  if  the  party  be  clofe  fhaved,  and  does  not  breathe  on  the  liquor. 


April  29, 

1749- 
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L  E  T  TER  IV. 


CONTAINING 

OBSERVATIONS  and  SUPPOSITIONS, 

towards  forming  a  new  Hypothesis,  for  ex¬ 
plaining  the  feveral  Phenomena  of  Thun¬ 
der  Gusts*. 


SIR, 


$■  J'  ]SJ0N'E1ECTRIC  bodies>  that  have  eledtric  fire 

1  ^  thrown  into  them,  will  retain  it  till  other 
non-eledtrics,  that  have  lefs,  approach }  and  then  ’tis 
communicated  by  a  fnap,  and  becomes  equally  divided. 

2.  Eledtrical  fire  loves  water,  is  ftrongly  attradted  by  it, 
and  they  can  fubfift  together. 

3.  Air  is  an  eledtric  perfe,  and  when  dry  will  not  con- 
dudt  the  eledtrical  fire  j  it  will  neither  receive  it,  nor  give 


'  Thunder-gufts  are  hidden  florins  of  thunder  and  lightning,  which 
^frequently  ti0n’  bU‘  fomctinles  Produce  mifchievous 
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it  to  other  bodies ;  otherwife  no  body  furrounded  by  air 
could  be  electrified  pofitively  and  negatively  :  forfhould  it 
be  attempted  pofitively,  the  air  would  immediately  take 
away  the  overplus ;  or  negatively,  the  air  would  fupply 
what  was  wanting. 

4*  Water  being  electrified,  the  vapours  arifing  from  it 
will  be  equally  electrified  j  and  floating  in  the  air,  in  the 
form  of  clouds,  or  otherwife,  will  retain  that  quantity  of 
eleCtrical  fire,  till  they  meet  with  other  clouds  or  bodies 

not  fo  much  electrified,  and  then  will  communicate  as 
before  mentioned. 

5.  Every  particle  of  matter  ele&rified  is  repelled,  by 
every  other  particle  equally  electrified.  Thus  the  ftream 
of  a  fountain,  naturally  denfe  and  continual,  when  electri¬ 
fied,  will  feparate  and  fpread  in  the  form  of  a  brufh,  every 
drop  endeavouring  to  recede  from  every  other  drop.  But 
on  taking  out  the  eleCtrical  fire,  they  clofe  again. 

6.  Watei  being  ftrongly  electrified  (as  well  as  when 

heated  by  common  fire)  rifes  in  vapours  more  copioufly ; 

the  attraction  of  cohefion  among  its  particles  being  greatly 

weakened,  by  the  oppofite  power  of  repulfion  introduced 

With  the  eleCtrical  fire ;  and  when  any  particle  is  by  any 

means  difengaged,  ’tis  immediately  repelled,  and  fo  flies 
into  the  air. 

7.  Particles  happening  to  be  fituated  as  A  and  B,  are 
more  eafily  difengaged  than  C  and  D,  as  each  is  held  by 
contaCt  with  three  only,  whereas  C  and  D  are  each  in 
contaCt  with  nine.  When  the  furface  of  water  has  the 

lea  ft 
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leaft  motion,  particles  are  continually  pufhed  Into  the 
fituation  reprefented  by  A  and  B ,  Fig.  6. 

8.  Friction  between  a  non-eledtric  and  an  elediric  per  fe 
will  produce  eledtricai  fire  -5  not  by  creating ,  but  collecting 
it :  for  it  is  equally  dirfufed  in  our  walls,  floors,  earth,  and 
the  whole  mafs  of  common  matter.  Thus  the  whirling 
glafs  globe,  during  its  fridtion  againft  the  cufhion,  draws 
fire  from  the  cufhion,  the  cufhion  is  fupplied  from  the 
frame  of  the  machine,  that  from  the  floor  on  which  it 
ftands.  Cut  off  the  communication  by  thick  glafs  or  wax 
placed  under  the  cufhion,  and  no  fire  can  be  produced , 
becaufe  it  cannot  be  collected. 

9.  The  Ocean  is  a  compound  of  water,  a  non-eledtric, 
and  fait  an  eledtric  per  fe. 

30.  When  there  is  a  fridtion  among  the  parts  near  its 
furface,  the  eledtrical  fire  is  colledted  from  the  parts  below. 
It  is  then  plainly  vifible  in  the  night 3  it  appears  at  the 
ftern  and  in  the  wake  of  every  failing  veflel 3  every  dafh 
of  an  oar  fhows  it,  and  every  furffi  and  fpray  :  in  ftorms  the 
whole  fea  feems  on  fire. — The  detach’d  particles  of  water 
then  repelled  from  the  eledtrified  furface,  continually  carry 
off  the  fire  as  it  is  collected  3  they  rife,  and  form  clouds, 
and  thofe  clouds  are  highly  eledlrified,  and  retain  the  fire 
till  they  have  an  opportunity  of  communicating  it. 

11.  The  particles  of  water  riling  in  vapours,  attach 
themfelves  to  particles  of  air. 

12.  The  particles  of  air  are  fard  to  be  hard,  round,  fepa- 
rate  and  diftant  from  each  other  3  every  particle  firongly 

repelling 
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repelling  every  other  particle,  whereby  they  recede  from 
each  other,  as  far  as  common  gravity  will  per  mit. 

13.  The  fpace  between  any  three  particles  equally  re¬ 
pelling  each  other,  will  be  an  equilateral  triangle. 

14.  In  air  comprefled,  thefe  triangles  arefmaller;  in 
rarified  air  they  are  larger. 

15*  Common  fire  joined  with  air,  increafes  the  repul- 
fion,  enlarges  the  triangles,  and  thereby  makes  the  air  fpe- 
cifically  lighter.  Such  air,  among  denfer  air,  will  rife. 

16.  Common  fire,  as  well  as  electrical  fire,  gives  repul- 
fion  to  the  particles  of  water,  and  deftroys  their  attradion 
of  cohefion  ;  hence  common  fire,  as  well  as  eledrical  fire, 
affifts  in  railing  vapours. 

17.  Particles  of  water,  having  no  fire  in  them,  mutually 
attrad  each  other.  Three  particles  of  water  then  being 
attached  to  the  three  particles  of  a  triangle  of  air,  would  by 
their  mutual  attradion  operating  againftthe  air's  repulfion, 
fhorten  the  fides  and  lefien  the  triangle,  whereby  that 
portion  of  air  being  made  denfer,  would  fink  to  the  earth 
with  its  water,  and  not  rife  to  contribute  to  the  formation 
of  a  cloud. 

Jo.  But  if  every  particle  of  water  attaching  itfelf  to  air, 
brings  with  it  a  particle  of  common  fire,  the  repulfion  of 
the  air  being  a  {lifted  and  ftrengthened  by  the  fire,  more 
than  obflruded  by  the  mutual  attradion  of  the  particles  of 
water,  the  triangle  dilates,  and  that  portion  df  air  becom¬ 
ing  rarer  and  (pacifically  lighter  rifes. 

19,  If  the  particles  of  water  bring  eledrical  fire  when 
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they  attach  themfelves  to  air,  the  repulfion  between  the 
particles  of  water  electrified,  joins  with  the  natural  repul¬ 
fion  of  the  air,  to  force  its  particles  to  a  greater  di fiance, 

whereby  the  triangles  are  dilated,  and  the  air  rifes,  carry¬ 
ing  up  with  it  the  water. 

20.  If  the  particles  of  water  bring  with  them  portions 
of  both  forts  of  fire,  the  repulfion  of  the  particles  of  air  is 
fiill  more  lengthened  and  increafed,  and  the  triangles 
farther  enlarged. 

21.  One  particle  of  air  may  be  furrounded  by  twelve 
particles  of  water  of  equal  fize  with  itfelf,  all  in  contact 
with  it  j  and  by  more  added  to  thofe. 

22.  Particles  of  air  thus  loaded  would  be  drawn  nearer 
together  by  the  mutual  attraction  of  the  particles  of  water, 

did  not  the  fire,  common  or  electrical,  afiift  their  re¬ 
pulfion. 

23.  If  air  thus  loaded  be  comprefied  by  adverfe  winds, 
or  by  being  driven  againfi  mountains,  &c.  or  condenfed 
by  taking  away  the  fire  that  affified  it  in  expanding }  the 
triangles  contract,  the  air  with  its  water  will  defcend  as  a 
dew  ;  or,  if  the  water  furrounding  one  particle  of  air  comes 
in  contaCt  with  the  water  furrounding  another,  they  coa- 
lefce  and  form  a  drop,  and  we  have  rain. 

24.  The  fun  fupplies  (or  feems  to  fupply)  common  fire 
to  all  vapours,  whether  raifed  from  earth  or  fea. 

25-  Thofe  vapours  which  have  both  common  and  elec¬ 
trical  fire  in  them,  are  better  fupported,  than  thofe  which 
have  only  common  fire  in  them,  For  when  vapours  rife 

into 
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into  the  coldeft  region  above  the  earth,  the  cold  will  not 
diminish  the  electrical  fire,  if  it  doth  the  common. 

26.  Hence  clouds  formed  by  vapours  raifed  from  frefh 
waters  within  land,  from  growing  vegetables,  moift  earth, 
&c.  more  fpeedily  and  eafily  depofite  their  water,  having 
but  little  eledtrical  fire  to  repel  and  keep  the  particles  fe- 
parate.  So  that  the  greateft  part  of  the  water  raifed  from 
the  land  is  let  fall  on  the  land  again ;  and  winds  blowing 
from  the  land  to  the  fea  are  dry ;  there  being  little  ufe 
for  rain  on  the  fea,  and  to  rob  the  land  of  its  moifture,  in 
order  to  rain  on  the  fea,  would  not  appear  reafonable. 

27.  But  clouds  formed  by  vapours  raifed  from  the  fea, 
having  both  fires,  and  particularly  a  great  quantity  of  the 
eleCtrical,  fupport  their  water  ftrongly,  raife  it  high,  and 
being  moved  bytwinds,  may  bring  it  over  the  middle  of  the 
broadeft  continent  from  the  middle  of  the  wideft  ocean. 

28.  How  thefe  ocean  clouds,  fo  ftrongly  fupporting 
their  water,  are  made  to  depofite  it  on  the  land  where  ’tis 
wanted,  is  next  to  be  confidered. 

29.  If  they  are  driven  by  winds  againft  mountains, 
thofe  mountains  being  lefs  electrified  attraCl  them,  and  on 
contaCt  take  away  their  eleCtrical  fire  (and  being  cold,  the 
common  fire  alfo ;)  hence  the  particles  clofe  towards  the 
mountains  and  towards  each  other.  If  the  air  was  not 
much  loaded,  it  only  falls  in  dews  on  the  mountain  tops 
and  fides,  forms  fprings,  and  defcends  to  the  vales  in  rivu¬ 
lets,  which  united  make  larger  ftreams  and  rivers.  If 
much  loaded,  the  eleCtrical  fire  is  at  once  taken  from  the 
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whole  cloud  ;  and,  in  leaving  it,  flalhes  brightly  and  crack$ 
loudly;  the  particles  inftantly  coalefcing  for  want  of  that 
fire,  and  falling  in  a  heavy  fhower. 

30.  When  a  ridge  of  mountains  thus  dams  the  clouds, 
and  draws  the  eledtrical  fire  from  the  cloud  firft  approach-' 
ing  it ;  that  which  next  follows,  when  it  comes  near  the 
firft  cloud,  now  deprived  of  its  fire,  flalhes  into  it,  and  be¬ 
gins  to  depofite  its  own  water ;  the  firft  cloud  again  fla  thing 
into  the  mountains ;  the  third  approaching  cloud,  and  all 
the  fucceeding  ones,  adting  in  the  lame  manner  as  far  back 

as  tney  extend,  which  may  be  over  many  hundred  miles 
of  country. 

31.  Hence  the  continual  ftorms  of  rain,  thunder,  and 
lightning  on  the  eaft-fide  of  the  chides,  which  running 
north  and  fouth,  and  being  vaftly  high,  intercept  all  the 
clouds  brought  againft  them  from  the  Atlantic  ocean  by 
tne  trade  winds,  and  oblige  them  to  depofite  their  waters, 
b^  which  the  vaft  uveis  Amazons  t  LalPlata^  and  Oroonoko 
are  formed,  which  return  the  water  into  the  fame  fea,  after 
having  fertilized  a  country  of  very  great  extent. 

32.  If  a  countiy  be  plain,  having  no  mountains  to  inter¬ 
cept  the  eledtrihed  clouds,  yet  it  is  not  without  means  to 
make  them  depofite  their  water.  For  if  an  eledtrified 
cloud  coming  from  the  fea,  meets  in  the  air  a  cloud  raifed 
from  the  land,  and  therefore  not  eledtrified  ;  the  firft  will 
fiafii  its  fire  into  the  latter,  and  thereby  both  clouds  lhall 
be  made  fuddenly  to  depofite  water. 

33.  The  eledtrified  particles  of  the  firft  cloud  clcfe 
when  they  lofe  their  fire  ;  the  particles  of  the  other  cloud 
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clofe  in  receiving  it :  in  both,  they  have  thereby  an  oppor¬ 
tunity  of  coalefcing  into  drops.— The  concuffion  or  jerk 
given  to  the  air,  contributes  alfo  to  (hake  down  the  water, 
not  only  from  thofe  two  clouds  but  from  others  near  them. 

Hence  the  fudden  fall  of  rain  immediately  after  flafhes  of 
lightning. 

34.  To  (hew  this  by  an  eafy  experiment:  Take  two 
round  pieces  of  pafteboard  two  inches  diameter ;  from  the 
center  and  circumference  of  each  of  them  fufpend  by 
fine  (ilk  threads  eighteen  inches  long,  feven  fmall  balls  of 
wood,  or  feven  peas  equal  in  bignefs  ;  fo  will  the  balls  ap- 
f  pending  to  each  pafteboard,  form  equal  equilateral  trian¬ 
gles,  one  ball  being  in  the  center,  and  (lx  at  equal  diftances 
from  that,  and  from  each  other;  and  thus  they  reprefent 
particles  of  air.  Dip  both  fets  in  water,  and  fome  cohering 
to  each  ball,  they  will  reprefent  air  loaded.  Dexteroufly 
eledrify’d  one  fet,  and  its  balls  will  repel  each  other  to  a 
greater  diftance,  enlarging  the  triangles.  Could  the  water 
fupported  by  the  feven  balls  come  into  contad,  it  would 
form  a  drop  or  drops  fo  heavy  as  to  break  the  cohefion 
it  had  with  the  balls,  and  fo  fall.  Let  the  two  fets  then 
reprefent  two  clouds,  the  one  a  fea  cloud  eledrified, 
the  other  a  land  cloud.  Bring  them  within  the  fphere  of 
attradion,  and  they  will  draw  towards  each  other, 
and  you  will  fee  the  feparated  balls  clofe  thus ;  the  firft 
eledrified  ball  that  comes  near  an  uneledrified  ball  by 
attradion  joins  it,  and  gives  it  fire ;  inftantly  they  fepa- 
rate^  and  each  flies  to  another  ball  of  its  own  party,  one  to 

G  2  give 


Mr  B,  FRANKLIN 


44 

give,  the  other  to  receive  fire  ;  and  fo  it  proceeds  through 
both  fets,  but  fo  quick  as  to  be  in  a  manner  inftantaneous.. 
In  the  collifion  they  fhake  off  and  drop  their  water,  which 
reprefents  rain. 

3  5.  Thus  when  fea  and  land  clouds  would  pafs  at  too 
great  a  diftance  from  the  flafh,  they  are  attracted  towards 
each  other  till  within  that  diftance  ;  for  the  fphere  of 
electrical  attraction  is  far  beyond  the  diftance  of  flafhing. 

36.  When  a  great  number  of  clouds  from  the  fea  meet 
a  number  of  clouds  raifed  from  the  land,  the  electrical 
flafhes  appear  to  ftrike  in  different  parts  ;  and  as  the 
clouds  are  joftled  and  mixed  by  the  winds,  or  brought 
near  by  the  electrical  attraction,  they  continue  to  give  and 
receive  flafh  after  flafh,  till  the  electrical  fire  is  equally 
diffufed. 

37.  When  the  gun-barrel  (in  electrical  experiments) 
has  but  little  electrical  fire  in  it,  you  muft  approach  it  very 
near  with  your  knuckle,  before  you  can  draw  a  fpark. 
Give  it  more  fire,  and  it  will  give  a  fpark  at  a  greater  dif¬ 
tance.  Two  gun-barrels  united,  and  as  highly  electrified, 
will  give  a  fpark  at  a  ftill  greater  diftance.  But  if  two 
gun-barrels  electrified  will  ftrike  at  two  inches  diftance, 
and  make  a  loud  fnap,  to  what  a  great  diftance  may 
10,000  acres  of  electrified  cloud  ftrike  and  give  its  fire, 
and  how  loud  muft  be  that  crack  ? 

38.  It  is  a  common  thing  to  fee  clouds  at  different 
heights  pafiing  different  ways,  which  fhews  different  cur¬ 
rents  of  air,  one  under  the  other.  As  the  air  between  the 
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tropics  is  rarified  by  the  fun,  it  raifes,  the  denfer  northern 
and  fouthern  air  prefling  into  its  place.  The  air  fo  rari¬ 
fied  and  forced  up,  pafles  northward  and  fouthward,  and 
muft  defcend  in  the  polar  regions,  if  it  has  no  opportunity 
before,  that  the  circulation  may  be  carried  on. 

39.  As  currents  of  air,  with  the  clouds  therein,  pafs  dif¬ 
ferent  ways,  ’tis  eafy  to  conceive  how  the  clouds,  pafiing 
over  each  other,  may  attrad  each  other,  and  fo  come  near 
enough  for  the  eledrical  ftroke.  And  alfo  how  eledrical 
clouds  may  be  carried  within  land  very  far  from  the  fea, 
before  they  have  an  opportnnity  to  ftrike. 

40.  When  the  air,  with  its  vapours  raifed  from  the 
ocean  between  the  tropics,  comes  to  defcend  in  the  polar 
regions,  and  to  be  in  contad  with  the  vapours  arifing 
there,  the  eledrical  fire  they  brought  begins  to  be  com¬ 
municated,  and  is  feen  in  clear  nights,  being  firft  vifible 
where  ’tis  firft  in  motion,  that  is,  where  the  contad  be¬ 
gins,  or  in  the  moft  northern  part  ;  from  thence  the 
dreams  of  light  feem  to  fhoot  foutherly,  even  up  to  the 
zenith  of  northern  countries.  But  tho’  the  light  feems  to 
fhoot  from  the  north  foutherly,  the  progrefs  of  the  fire  is 
really  from  the  fouth  northerly,  its  motion  beginning  in 
the  north  being  the  reafon  that  ’tis  there  firft  feen. 

For  the  eledrical  fire  is  never  vifible  but  when  in  mo¬ 
tion,  and  leaping  from  body  to  body,  or  from  particle  to 
particle  thro’  the  air.  When  it  pafles  thro’  denfe  bodies 
*tis  unfeen.  When  a  wire  makes  part  of  the  circle,  in  the 
explofion  of  the  eledrical  phial,  the  fire,  though  in  great 

quantity 
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quantity,  paffes  in  the  wire  invifibly  :  but  in  faffing  along 
a  chain,  it  becomes  viiible  as  it  leaps  from  link  to  link.  In 
paffing  along  leaf  gilding  ’tis  vifible  :  for  the  leaf-gold  is. 
full  of  pores ;  hold  a  leaf  to  the  light  and  it  appears  like  a 
net ;  and  the  fiie  is  feen  in  its  leaping  over  the  vacancies.— 
And  as  when  a  long  canal  filled  with  ftill  water  is  opened 
at  one  end,  in  order  to  be  difcharged,  the  motion  of  the 
water  begins  firfl  near  the  opened  end,  and  proceeds  to¬ 
wards  the  dole  end,  tho’  the  water  itfelf  moves  from  the 
clofe  towards  the  opened  end  :  fo  the  eledrical  fire  dif¬ 
charged  into  the  polar  regions,  perhaps  from  a  thoufand 
leagues  length  of  vaporiz’d  air,  appears  firfl  where  ’tis  firfl 
in  motion,  /.  e.  in  the  molt  northern  part,  and  the  appear¬ 
ance  proceeds  fouthward,  tho’  the  fire  really  moves  north¬ 
ward.  This  is  fuppofed  to  account  for  the  Aurora  Bo - 
realis . 

4 1 .  When  there  is  great  heat  on  the  land,  in  a  parties 
lar  region  (the  lun  having  fhone  on  it  perhaps  feveral 
days,  while  the  furrounding  countries  have  been  fereen’d 
by  clouds)  the  lower  air  is  rarified  and  rifes,  the  cooler 
denfer  air  above  defeends  }  the  clouds  in  that  air  meet 
from  all  fides,  and  join  over  the  heated  place ;  and  if  fom'e 
are  eledrified,  others  not,  lightning  and  thunder  fucceed- 
and  (bowers  fall.  Hence  thunder-gulls  after  heats  and 
cool  air  after  gufts,  the  water  and  the  clouds  that  brin- 
it,  coming  from  a  higher  and  therefore  a  cooler  region.  & 

42.  An  electrical  fpark,  drawn  from  an  irregular  body 
at  fome  diftanee  is  fcaree  ever  flrait,  but  (hows  crooked 
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and  waving  in  the  air.  So  do  the  flashes  of  lightning  ;  the 
clouds  being  very  irregular  bodies. 

43.  As  electrified  clouds  pafs  over  a  country,  high  hills 
and  high  trees,  lofty  towers,  fpires,  marts  of  fhips,  chim¬ 
neys,  &c,  as  fo  many  prominencies  and  points,  draw  the 
electrical  fire,  and  the  whole  cloud  difcharges  there. 

44.  Dangerous,  therefore,  is  it  to  take  flicker  under  a 
tree  during  a  thunder-guft.  It  has  been  fatal  to  many, 
both  men  and  beafts. 

45.  It  is  fafer  to  be  in  the  open  field  for  another  reafon. 
When  the  cloaths  are  wet,  if  a  flafh  in  its  way  to  the 
ground  fliould  ftrike  your  head,  it  will  run  in  the  water 
over  the  furface  of  your  body  ;  whereas,  if  your  cloaths 
were  dry,  it  would  go  through  the  body. 

Hence  a  wet  rat  cannot  be  killed  by  the  exploding  e- 
ledrical  bottle,  when  a  dry  rat  may. 

46.  Common  fire  is  in  all  bodies,  more  or  lefs,  as  well 
as  eledrical  fire.  Perhaps  they  may  be  different  modifi¬ 
cations  of  the  fame  element ;  or  they  may  be  different  ele¬ 
ments.  The  latter  is  by  fome  fufpeded. 

47.  If  they  are  different  things,  yet  they  may  and  do 
fubfift  together  in  the  fame  body. 

48.  When  eledrical  fire  ftrikes  through  a  body,  it  ads 
upon  the  common  fire  contained  in  it,  and  puts  that  fire 
in  motion ;  and  if  there  be  a  fufficient  quantity  of  each 
kind  of  fire,  the  body  will  be  inflamed. 

49.  When  the  quantity  of  common  fire  in  the  body  is 
fmall,  the  quantity  of  the  eledrical  fire  (or  the  eledrical 
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ftroke)  fhould  be  greater  :  if  the  quantity  of  common  fire 
be  great,  lefs  electrical  fire  fuffices  to  produce  the  effedt. 

50.  Thus  fpirits  muftbe  heated  before  we  can  fire  them 
by  the  eleCtrical  fpark.  If  they  are  much  heated  a  fmall 
fpark  will  do ;  if  not,  the  fpark  mud  be  greater. 

51.  'Till  lately  we  could  only  fire  warm  vapours;  but 
now  we  can  burn  hard  dry  rofin.  And  when  we  can  pro¬ 
cure  greater  electrical  fparks,  we  may  be  able  to  fire  not 
only  unwarm  d  fpirits,  as  lightning  does,  but  even  wood, 
by  giving  fufficient  agitation  to  the  common  fire  contained 
in  it,  as  friction  we  know  will  do. 

52.  Sulphureous  and  inflammable  vapours  arifing  from 
the  earth,  are  eafily  kindled  by  lightning.  Befides  what 
arife  from  the  earth,  fuch  vapours  are  fent  out  byftacks  of 
moift  hay,  corn,  or  other  vegetables,  which  heat  and  reek. 
Wood  rotting  in  old  trees  or  buildings  does  the  fame.  Such 
are  therefore  eafily  and  often  fired. 

53*  Metals  are  often  melted  by  lightning,  tho'  perhaps 
not  from  heat  in  the  lightning,  not  altogether  from  agi¬ 
tated  fire  in  the  metals. — For  as  whatever  body  can  infi- 
nuate  itfelf  between  the  particles  of  metal,  and  overcome 
the  attra&ion  by  which  they  cohere  (as  fundry  menftrua 
can)  will  make  the  folid  become  a  fluid,  as  well  as  fire, 
yet  without  heating  it :  fo  the  electrical  fire,  or  lightning, 
creating  a  violent  repulfion  between  the  particles  of  the 
metal  it  paffes  thro',  the  metal  is  fufed. 

54.  If  you  would,  by  a  violent  fire,  melt  off  the  end  of  a 
nail,  which  is  half  driven  into  a  door,  the  heat  given  th£ 
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whole  nail  before  a  part  would  melt,  mull  burn  the  board 
it  flicks  in.  And  the  melted  part  would  burn  the  floor  it 
dropp’d  on.  But  if  a  fword  can  be  melted  in  the  fcab- 
bard,  and  money  in  a  man’s  pocket,  by  lightning,  without 
burning  either,  it  mull  be  a  cold  fufion. 

55*  Lightning  rends  fome  bodies.  The  eledrical  lpark 
will  flrike  a  hole  thro’  a  quire  of  ftrong  paper. 

56.  If  the.fource  of  lightning,  affignedin  this  paper,  be 
the  true  one,,  there  Ihould  belittle  thunder  heard  at  fea 
far  from  land.  And  accordingly  fome  old  fea-captains,  of 
whom  enquiry  has  been  made,  do  affirm,  that  the  fad  a- 
grees  perfedly  with  the  hypothefis  j  for  that,  in  croffing 
the  great  ocean,  they  feldom  meet  with  thunder  till  they 
come  into  foundings ;  and  that  the  iflands  far  from  the 
continent  have  very  little  of  it.  And  a  curious  obferver, 
who  lived  1,3  years  at  Bermudas ,  fays,  there  was  lefs  thun¬ 
der  there  in  that  whole  time  than  he  has  fometimes -heard 
in  a  month  at  Carolina, 
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Peter  Collinson,  Efq;  F.  R.  S.  London. 
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Philadelphia,  July  29,  1750, 


S  you  firft  put  us  on  electrical  experiments,  by 


A  fending  to  our  library  company  a  tube,  with  di- 
i  editions  how  to  ufe  it  5  and  as  our  honourable  proprietary 
enabled  us  to  carry  thofe  experiments  to  a  greater  height, 
by  this  generous  prefent  of  a  compleat  eledbical  appara¬ 
tus  ;  ’tis  fit  that  both  Ihould  know  from  time  to  time 
what  progrefs  we  make.  It  was  in  this  view  I  wrote  and 
fent  you  my  former  papers  on  this  fubjedt,  defiring,  that 
as  I  had  not  the  honour  of  a  diredt  correfpondence  with 
that  bountiful  benefadtor  to  our  library,  they  might  be 
communicated  to  him  through  your  hands.  In  the  fame 
view  I  write,  and  fend  you  this  additional  paper.  If  it 
happens  to  bring  you  nothing  new  (which  may  well  be, 
confidering  the  number  of  ingenious  men  in  Europe ,  con¬ 
tinually  engaged  in  the  fame  refearches)  at  lead:  it  will 
ihow,  that  the  inftruments  put  into  our  hands,  are  not  nee- 
iedted  3  and,  that  if  no  valuable  difeoveries  are  made  by 

us,  whatever  the  caufe  may  be,  it  is  not  want  of  induftry 
and  application. 


1  am,  Sir, 

Tour  much  obliged 
Humble  Servant , 

'  B.  FRANKLIN, 
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OPINIONS  ^CONJECTURES, 

concerning  the  Properties  and  EffeSls  of  the 
electrical  Matter ,  arijing  from  Experiments 
and  Qbfervations ,  made  at  Philadelphia,  1 749, 

1.  np  HE  eledtrical  matter  conlifts  of  particles 

A  extremely  fubtile,  fince  it  can  -permeate  com¬ 
mon  matter,  even  the  denfeft  metals,  with  fuch  eafe 
and  freedom,  as  not  to  receive  any  perceptible  refiftance. 

2.  If  any  one  fliould  doubt, ’whether  the  eledtrical  mat¬ 
ter  pafTes  thro’  the  fubftance  of  bodies,  or  only  over  and 
along  their  furfaces,  a  fhock  from  an  eledtrified  large  glafs 
jar,  taken  through  his  own  body,  will  probably  convince 
him. 

3.  Eledtrical  matter  differs  from  common  matter  in  this, 
that  the  parts  of  the  latter  mutually  attradl,  thofe  of  the 
former  mutually  repel,  each  other.  Hence  the  appearing 
divergency  in  a  dream  of  eledtrified  effluvia. 

4.  But  though  the  particles  of  eledtrical  matter  do  re¬ 
pel  each  other,  *  they  are  ftrongly  attracted  by  all  other 
matter.* 

%  See  the  ingenious  efTays  on  Electricity  in  the  TranfaCtions,  by 
Mr  Ellicot. 

Hz  5.  From 
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5.  From  thefe  three  things,  the  extreme  fubtility  of  the 
electrical  matter,  the  mutual  repulfion  of  its  parts,  and  the 
flrong  attraction  between  them  and  other  matter,  arife  this 
effect,  that  when  a  quantity  of  eleCtrical  matter  is  ap¬ 
plied  to  a  mafs  of  common  matter,  of  any  bignefs  or  length 
Within  our  Obfervation  (which  has  not  already  got  its 

quantity)  it  is  immediately  and  equally  diffufed-  through 
the  whole. 

6.  Thus  common  matter  is  a  kind  of  fpunge  to  the 
ereCtncal  fluid.  And  as  a  fpunge  would  receive  no  wa¬ 
ter,  if  the  parts  of  water  were  not  fmaller  than  the  pores 
bf  the  fpunge ;  and  even  then  but  flowly,  if  there  were 
riot  a  mutual  attraction  between  fhofe  parts  and  the  parts 
tf  the  fpunge;  and  would  ftill  imbibe  it  filter,  if  the 
mutual  attraction  among  the  parts  of  the  water  did  not 
impede,  fome  force  being  required  to  feparate  them,  and 
fifteft,  if,  inflead  of  attraction,  there  were  a  mutual  repul¬ 
fion  among  thofe  parts,  which  would  aft  in  .conjunction 
with  the  attraction  of  the  fpunge.  So  is  the  cafe  between 
the  ele&rical  and  common  matter. 

7.  But  in  common  matter  there  Is  (generally)  as  much 
of  the  ele'dixical,  as  it  will  contain  within  its  fubftance.  If 
more  is  added,  it  lies  without  upon  the  furface,  and  forms,, 
what  we  call  an  electrical  atmofphere  :  and' then  the  body 
IS  faid  to  be  eleCirified. 

8.  ’Tis  fuppofed,  that  all  kinds  of  common  matter  do 
uot  attract  and  retain  the  eleftricalj  with  equal  ftrength  and 
lores  5  for  reafons  to  be  given  hereafter.  And  that  thofe 
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called  eleCtrics  per  fe>  as  glals,  &c.  attract  and  retain  it 
ftrongeft,  and  contain  the  greateft  quantity. 

9.  We  know  that  the  electrical  fluid  is  in  common 
matter,  becaufe  we  can  pump  it  but  by  the  globe  or  tube. 
We  know  that  common  matter  has  near  as  much  as  it  can 
contain,  becaufe,  when  we  add  a  little  more  to  any  por¬ 
tion  of  it,  the  additional  quantity  does  not  enter,  but  forms 
an  eleCtrical  atmofphere.  And«we  *know  that  common 
matter  has  not  (generally)  more  than  it  can  contain,-  other- 
wiie  al±  loofe  portions  of  it  would  repel  each  Other,  as 
they  conftantly  do  when  they  have  eleCtric  atmofpheres. 

10.  The  beneficial  ufes  of  this  eleCtrical  fluid  in  the 
creation,  we  are  not  yet  well  acquainted  with,  though 
doubtlefs  fuch  there  are,  and  Thofe  very  confiderable  ;  but 
we  may  ice  feme  pernicious  confequences,  that  would  at¬ 
tend  a  much  greater  proportion  of  it.  For  had  this  globe 
we  live  on  as  much  of  it  In  proportion  as  we  can  give  to  a 
globe  of  iron,  wood,  or  the  like,  the  particles  of  duft  and 
other  light  matters  that  get  Io6fe  from  it,  would,  by  virtue 
of  their  feparate  eleCtrical  atmofpheres,  not  only  repel  each 
other,  but  be  -repelled  from  the  earth,  and  not  eafily  be 
brought  to  unite  with  it  again  ;  whence  our  air  would 
continually  be  more  and  more  clogged  with  foreign  mat- 
t£i,  and  grow  unfit  for  refpiration.  This  affords  another 
occalion  of  adoring  that  wifdom  which  has  made  all,  things 
by  weight  and-  meafure  ! 

11.  If  a  piece  of  common  matter  be  fuppofed  entirely 
i  free  from  eleCtrical  matter^  and  a  Angle  particle  of  the 

flatter 
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latter  be  brought  nigh,  ’twill  be  attracted  and  enter  the  ' 
body,  and  take  place  in  the  center,  or  where  the  attraction 
is  every  way  equal.  If  more  particles  enter,  they  take 
their  places  where  the  balance  is  equal  between  the  at¬ 
traction  of  the  common  matter  and  their  own  mutual  re- 
pulfion.  ’Tis  fuppofed  they  form  triangles,  whofe  fides 
fhorten  as  their  number  increafesj  ’till  the  common  mat¬ 
ter  has  drawn  in  fo  many,  that  its  whole  power  of  com- 
preffing  thofe  triangles  by  attraction,  is  equal  to  their  whole 
power  of  expanding  themfelves  by  repulfioii ;  and  then 
will  fuch  piece  of  matter  receive  no  more. 

12.  When  part  of  this  natural  proportion  of  eleClrical 
fluid  is  taken  out  of  a  piece  of  common  matter,  the  trian¬ 
gles  formed  by  the  remainder,  are  fuppofed  to  widen  by 
the  mutual  repulfion  of  the  parts,  until  they  occupy  the 
whole  piece. 

13.  When  the  quantity  of  eleClrical  fluid  taken  from  2 
piece  of  common  matter  is  reflored  again,  it  enters,  the 
expanded  triangles  being  again  compreflfed  till  there  is' 
room  for  the  whole. 

14.  To  explain  this:  take  two  apples,  or  two  balls  of 
wood  or  other  matter,  each  having  its  own  natural  quantity 
of  the  eleClrical  fluid.  Sufpend  them  by  filk  lines  from  the 
deling.  Apply  the  wire  of  a  well-charged  vial,  held  in 
}oul  hand,  to  cnc  of  them  (A)  Fig.  7.  and  it  will  receive 
from  the  wire  a  quantity  of  the  eleClrical  fluid  ;  but  will 
n°t  imbibe  it,  being  alieady  full.  The  fluid  therefore  will 
flow  round  its  furface,  and  form^an  eleClrical  atmofphere. 

Bring1 
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Bring  A  into  contact  with  B, .  and  half  the  eledtrical  fluid 
is  communicated,  fo  that  each  has  now  an  electrical  at- 
mofphere,  and  therefore  they  repel  each  other.  Take 
away  thefe  atmofpheres  by  touching  the  balls,  and  leave 
them  in  their  natural  date :  then,  having  fixed  a  ftick  of 
fealing-wax  to  the  middle  of  the  vial  to  hold  it  by,  apply 
‘the  wire  to  A,  at  the  fame  time  the  coating  touches  B. 
Thus  will  a  quantity  of  the  ele&rical  fluid  be  drawn  out 
of  B,  and  thrown  on  A.  So  that  A  will  have  a  redun¬ 
dance  of  this  fluid,  which  forms  an  atmofphere  round  it, 
and  B  an  exa&ly  equal  deficiency.  Now  bring  thefe 
balls  again  into  contadh  and  the  ele&rical  atmofphere 
will  not  be  divided  between  A  and  B,  into  two  fmaller 
atmofpheres  as  before  j  for  B  will  drink  up  the  whole  at¬ 
mofphere  of  A,  and  both  will  be  found  again  in  their  na¬ 
tural  ftate. 

15.  The  form  of  the  electrical  atmofphere  is  that  of  the 
body  it  furrounds.  This,  fhape  may  be  rendered  vifible 
in  a  ftill  air,  by  railing  a  fmoke  from  dry  rofin,  dropt  into 
a  hot  tea-fpoon  under  the  eledtrifed  body,  which  will  be 
attracted  and  fpread  itfelf  equally  on  all  fides,  covering 
and  concealing  the  body.  And  this  form  it  takes,  be- 
caufe  it  is  attracted  by  all  parts  of  the  furface  of  the  body, 
tho’  it  cannot  enter  the  fubftance  already  replete.  Without 
this  attraction  it  would  not  remain  round  die  bodv,  but 
diiUpate  in  the  ain 

16.  The  atmofphere  of  eleclrical  particles  furrounding 
an  eledfified  fphere3  is  not  more  difpofcd  to  leave  it  or 
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more  eafiiy  drawn  off  from  any  one  part  of  the  fphere  than 
from  another,  becaufe  it  is  equally  attracted  by  every  part. 
But  that  is  not  the  cafe  with  bodies  of  any  other  figure. 
From  a  cube  it  is  more  eafiiy  drawn  at  the  corners  than 
at  the  plane  tides,  and  fo  from  the  angles  of  a  body  of  any 
other  form,  and  ftill  mod  eafiiy  from  the  angle  that  is 
mod  acute.  Thus  if  a  body  fhaped  as  AjBjCjDjE,  in  Fig.  8. 
be  electrified,  or  have  an  electrical  atmofphere  communi¬ 
cated  to  it,  and  we  confider  every -fide  as  a  bale  on  which 
the  particles  reft,  ~  and  by  which  they  are  attracted,  one 
may  fee,  by  imagining  a  line  from  A  to  F,<and  another 
from  E  to  G,  that  the  portion  of  the  atmofphere  included 
in  F,  A,  E,  G,  has  the  line  A,  E,  for  its  bafis.  So  the  por¬ 
tion  of  atmofphere  included  in  H,  A,  B,  I,  has  the  line 
A,  B,  for  its  bafis.  And  like  wife  the  portion  included 
in  K,  B,  C,  L,  has  B,  C,  to  reft  on  ;  and  fo  on  the 
other  fide  of  the  figure.  Now  if  you  would  draw  off 
this  atmofphere  with  any  blunt  fmooth  body,  and  ap¬ 
proach  the  middle  of  the  fide  A,  B, ,  you  muft  come 
very  near  before  the  force  of  your  attra&er  exceeds  the 
force  or  power  with  which  that  fide  holds  its  atmofphere. 
But  there  is  a  fmall  portion  between  I,  B,K,  that  has  lefs  of 
the  furface  to  reft  on,  and  to  be  attracted  by,  than  the  neigh¬ 
bouring  portions,  while  at  the  fame  time  there  is  a  mutual 
repulfion  between  its  particles  and  the  particles  of  thofe  por¬ 
tions,  therefore  here  you  can  get  it  with  more  eafe,  or  at  a 
greater  diftance.  Between  F,  A,  H,  there  is  a  larger  por¬ 
tion  that  has  yet  a  lefs  furface  to  reft  on  and  to  attraft  it ; 

here 
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here  therefore  you  can  get  it  away  ftill  more  eafily.  But 
eafieft  of  all  between  L,C,IVI,  where  the  quantity  is  largeft, 
and  the  furface  to  attract  and  keep  it  back  the  leaft. 
When  you  have  di  awn  away  one  of  thefe  angular  portions 
of  the  fluid,  anothei  fucceeds  in  its  place,  from  the  na- 
tuie  of  fluidity  and  the  mutual  repulfion  beforementioned; 
and  fo  the  atmofphere  continues  flowing  ofl  at  fuch  angle, 
like  a  ftream,  till  no  more  is  remaining.  The  extremities 
of  the  portions  of  atmofphere  over  thefe  angular  parts  are 
likewife  at  a  greater  diftance  from  the  electrified  body,  as 
may  be  fecn  by  the  infpeCtion  of  the  above  figure ;  the 
point  of  the  atmofphere  of  the  angle  C,  being  much  far¬ 
ther  from  C,  than  any  other  part  of  the  atmofphere  over 
the  lines  C,  B,  or  B,  A  :  And,  befides  the  diftance  arifing 
from  the  nature  of  the  figure,  where  the  attraction  is  lefs, 
the  particles  will  naturally  expand  to  a  greater  diftance  by 
their  mutual  repulfion.  On  thefe  accounts  we  fuppofe  e- 
leCtrified  bodies  difcharge  their  atmofpheres  upon  unelec¬ 
trified  bodies  more  eafily  and  at  a  greater  diftance  from 
their  angles  and  points  than  from  their  fmooth  fides.— 
Thofe  points  will  alfo  difcharge  into  the  air,  when  the  bo¬ 
dy  has  too  great  an  eleCtrical  atmofphere,  without  bring¬ 
ing  any  non-eleCtric  near,  to  receive  what  is  thrown  off : 
For  the  air,  though  an  eleCtric  per  fey  yet  has  always  more 
or  lefs  water  and  other  non-eleCtric  matters  mixed  with  it  %9 
and  thefe  attraCt  and  receive  what  is  fo  difcharged. 

17.  But  points  have  a  property,  by  which  they  draw  on 
as  well  as  throw  off  the  eleCtrical  fluid,  at  greater  diftances 
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thau  blunt  bodies  can.  That  is,  as  the  pointed  part  of  an 
eledtrified  body  will  difcharge  the  atmofphere  of  that  body,, 
or  communicate  it  farthed  to  another  body,  fo  the  point 
of  an  uneledtrified  body,  will  draw  off  the  eledtrical  atmo¬ 
fphere  from  an  eledtrified  body,  farther  than  a  blunter  part 
of  the  fame  uneledtrified  body  will  do.  Thus  a  pin  held 
by  the  head,  and  the  point  prefented  to  an  eledtrified  body, 
will  draw  off  its  atmofphere  at  a  foot  didance  5  where,  if 
the  head  were  prefented  indead  of  the  point,  no  fuch  effedt 
would  follow.  To  underdand  this,  we  may  confider, 
that  if  a  perfon  danding  on  the  floor  would  draw  off  the 
eledtrical  atmofphere  from  an  eledtrified  body,  an  iron 
crow  and  a  blunt  knitting-needle  held  alternately  in  his 
hand  and  prefented  for  that  purpofe,  do  not  draw  with 
different  forces  in  proportion  to  their  different  maffes. 
For  the  man,  and  what  he  holds  in  his  hand,  be  it  large 
or  fmall,  are  connedted  with  the  common  mafs  of  un¬ 
eledtrified  matter  *  and  the  force  with  which  he  draws  is 
the  fame  in  both  cafes,,  it  confiding  in  the  different  pro¬ 
portion  of  eledtricity  in  the  eledtrified  body  and  that  com¬ 
mon  mafs.  But  the  force  with  which  the  eledtrified  body 
retains  its  atmofphere  by  attradling  it,  is  proportioned  to 
the  furface  over  which  the  particles  are  placed  ;  i.  e.  four 
fquare  inches  of  that  furface  retain  their  atmofphere  with 
four  times  the  force  that  one  fquare  inch  retains  its  at¬ 
mofphere.  And  as  in  plucking  the  hairs  from  the  horfe’s 
tail,  a  degree  of  flrength  fufficient  to  pull  away  a  handful 
at  once,  could  yet  eafily  drip  it  hair  by  hair ;  fo  a  blunt 
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body  prefented  cannot  draw  off  a  number  of  particles  at 
once,  but  a  pointed  one,  with  no  greater  force,  takes  them 
away  eafily,  particle  by  particle. 

1 8.  Thefe  explanations  of  the  power  and  operation  of 
points,  when  they  fir  ft  occurr’d  to  me,  and  while  they 
firft  floated  in  my  mind,  appeared  perfectly  fatisfaftory ; 
but  now  I  have  wrote  them,  and  confidered  them  more 
clofely  in  black  and  white,  I  muft  own  1  have  fome 
doubts  about  them  :  yet,  as  I  have  at  prefent  nothing  bet¬ 
ter  to  offer  in  their  ftead,  I  do  not  crofs  them  out :  for 
even  a  bad  folution  read,  and  its  faults  difcovered,  has  of¬ 
ten  given  rife  to  a  good  one  in  the  mind  of  an  ingenious 
reader. 

19.  Nor  is  it  of  much  importance  to  us,  to  know  the 
manner  in  which  nature  executes  her  laws  5  ’tis  enough 
if  we  know  the  laws  themfelves.  'Tis  of  real  ufe  to  know, 
that  china  left  in  the  air  unfupported  will  fall  and  break  ; 
but  how  it  comes  to  fail,  and  why  it  breaks,  are  matters  of 
fpeculation.  'Tis  a  pleafure  indeed  to  know  them,  but 
we  can  preferve  our  china  without  it. 

20.  Thus  in  the  prefent  cafe,  to  know  this  power  of 
points,  may  poffibly  be  of  fome  ufe  to  mankind,  though 
we  fliould  never  be  able  to  exolain  it.  The  following 
experiments,  as  well  as  thofe  in  my  firft  paper,  fhow  this 
power.  I  have  a  large  prime  conductor  made  of  feveral 
thin  fheets  of  Fuller’s  pafteboard  form’d  into  a  tube,  near 
ten  feet  long  and  a  foot  diameter.  It  is  cover’d  with 
Dutch  embofs’d  paper,  almoft  totally  gilt.  This  large 
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metallic  furface  fupports  a  much  greater  eledtrical  atmo- 
fpnere  than  a  rod  of  iron  of  50  times  the  weight  would 
do.  it  is  fufpended  by  fiik  lines,  and  when  charged  will 
ftriKe  at  near  two  inches  di fiance,  a  pretty  hard  ftroke, 
fo  as  to  make  one  s  knuckle  ach.  Let  a  perfon  Handing 
on  the  floor  pielent  the  point  of  a  needle  at  12  or  more 
inches  diftance  from  it,  and  while  the  needle  is  fo  pre¬ 
fen  ted ,  the  conductor  cannot  be  charged,  the  point  draw¬ 
ing  off  the  lire  as  faft  as  it  is  thrown  on  by  the  electrical 
globe.  Let  it  be  charged,  and  then  prefent  the  point  at 
the  fame  diftance,  and  it  will  fuddenly  be  difcharged.  In 
the  daiK  ^cu  may  fee  a  light  on  the  point,  when  the  ex¬ 
periment  is  made.  And  if  the  perfon  holding  the  point 
Hands  upon  wax,  ne  will  be  electrified  by  receiving  the 
*  ^re  at  *bat  diftance.  Attempt  to  draw  off  the  electricity 
with  a  blunt  body,  as  a  bolt  of  iron  round  at  the  end,  and 
fmooth  (a  filverfmith’s  iron  punch,  inch  thick,  is  what  I 
ufe)  and  you  mult  bring  it  within  the  diftance  of  three 
inches  before  you  can  do  it,  and  then  it  is  done  with  a 
ftroke  and  crack.  As  the  pafteboard  tube  hangs  loofe  on 
iilk  lines,  when  you  appioach  it  with  the  punch  iron,  it 
like  wife  will  move  towards  the  punch,  being  attracted 
while  it  is  charged  •  but  if,  at  the  fame  inftant,  a  point 
be  prefented  as  before,  it  retires  again,  for  the  point  dis¬ 
charges  it.  Take  a  pair  of  large  brafs  fcales,  of  two  or 
more  feet  beam,  the  cords  of  the  fcales  being  filk.  Suf- 
pend  the  beam  by  a  packthread  from  the  deling,  fo  that 
*  be  bottom  of  the  fcales  may  be  about  a  foot  from  the 
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floor:  The  feales  will  move  round  in  a  circle  by  the  un- 
twifting  of  the  packthread.  Set  the  iron  punch  on  the 
end  upon  the  floor,  in  fuch  a  place  as  that  the  feales  may 
pafs  over  it  in  making  their  circle  :  Then  eledtrify  one 
fcale  by  applying  the  wire  of  a  charged  phial  to  it.  As 
they  move  round,  you  fee  that  fcale  draw  nigher  to  the 
flooi ,  and  dip  more  when  it  comes  over  the  punch  j  and 
if  that  be  placed  at  a  proper  diftance,  the  Icale  will  fnap 
and  difeharge  its  fire  into  it.  But  if  a  needle  be  thick  on 
the  end  of  the  punch,  its  point  upwards,  the  fcale,  inftead 
of  drawing  nigh  to  the  punch,  and  fnapping,  difeharges 
its  fire  filently  through  the  point,  and  rifes  higher  from 
the  punch.  Nay,  even  if  the  needdle  be  placed  upon  the 
floor  near  the  punch,  its  point  upwards,  the  end  of  the 
punch,  tho’  fo  much  higher  than  the  needle,  will  not  at¬ 
tract  the  fcale  and  receive  its  fire,  for  the  needle  will  get 
it  and  convey  it  away,  before  it  comes  nigh  enough  for 
the  punch  to  aft.  And  this  is  conflantly  obfervable  in 
thefe  experiments,  that  the  greater  quantity  of  eledfricity 
on  the  pafteboard  tube,  the  farther  it  ftrikes  or  difeharges 
its  fire,  and  the  point  likewife  will  draw  it  off  at  a  ftiil 
greater  diftance. 

Now  if  the  fire  of  eledfricity  and  that  of  lightning  be 
the  fame,  as  I  have  endeavoured  to  fhow  at  large,  in  a 
former  paper,  this  pafteboard  tube  and  thefe  feales  may 
reprefent  eledtrified  clouds.  If  a  tube  of  only  ten  feet 
long  will  ftrike  and  difeharge  its  fire  on  the  punch  at 
two  or  three  inches  diftance,  an  eledtrified  cloud  of  per¬ 
haps 
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haps  10,000  acres,  may  ftrike  and  difcharge  on  the  earth 
at  a  proportionally  greater  diftance.  The  horizontal  mo¬ 
tion  of  the  fcales  over  the  floor,  may  reprefent  the  mo¬ 
tion  of  the  clouds  over  the  earth  ;  and  the  eredt  iron 
punch,  a  hill  or  high  building  ;  and  then  we  fee  how 
electrified  clouds  paffing  over  hills  or  high  builders  at 
too  great  a  height  to  ftrike,  may  be  attracted  lower  till 
within  their  ftriking  diftance.  And  laftly,  if  a  needle 
fix’d  on  the  punch  with  its  point  upright,  or  even  on  the 
floor  below  the  punch,  will  draw  the  fire  from  the  fcale 
filently  at  a  much  greater  than  the  ftriking  diftance,  and 
fo  prevent  its  defcending  towards  the  punch  ;  or  if  in  its 
courfe  it  would  have  come  nigh  enough  to  ftrike,  yet  be¬ 
ing  firft  deprived  of  its  fire  it  cannot,  and  the  punch  is 
thereby  fecured  from  the  ftroke.  I  fay,  if  thefe  things 
are  fo,  may  not  the  knowledge  of  this  power  of  points 
be  of  ute  to  mankind,  in  preferving  houfes,  churches, 
fhips,  &c.  from  the  ftroke  of  lightning,  by  directing  us 
to  fix  on  the  higheft  parts  of  thofe  edifices,  upright  rods 
of  iron  made  (harp  as  a  needle,  and  gilt  to  prevent  ruft- 
ing,  and  from  the  foot  of  thofe  rods  a  wire  down  the 
outJide  of  the  building  into  the  ground,  or  down  round 
one  of  the  fhrouds  of  a  (hip,  and  down  her  fide  till  it 
reaches  the  water  ?  Would  not  thefe  pointed  rods  proba¬ 
bly  draw  the  eledtrical  fire  filently  out  of  a  cloud  before 
it  came  nigh  enough  to  ftrike,  and  thereby  fecure  us  from 
that  mod  fudden  and  terrible  mifchief? 

21.  To  determine  the  queftion,  whether  the  clouds 
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that  contain  lightning  are  eledtrified  or  not,  I  would  pro- 
pofe  an  experiment  to  be  try’d  where  it  may  be  done  con¬ 
veniently,  On  the  top  of  fome  high  tower  or  fteeple,  place 
a  kind  of  fentry-box„  (as  in  Fig.  9.)  big  enough  to  contain 
a  man  and  an  eledtrical  Hand.  From  the  middle  of  the  hand, 
let  an  iron  rod  rife  and  pafs  bending  out  of  the  door,  and 
then  upright  20  or  30  feet,  pointed  very  (harp  at  the  end. 
If  the  eledtrical  ftand  be  kept  clean  and  dry,  a  man  Hand¬ 
ing  on  it  when  fuch  clouds  are  paffing  low,  might  be  elec¬ 
trified  and  afford  fparks,  the  rod  drawing  fire  to  him  from 
a  cloud.  If  any  danger  to  the  man  ffiould  be  apprehended 
(though  I  think  there  would  be  none)  let  him  ftand  on 
the  floor  of  his  box,  and  now  and  then  bring  near  to  the 
rod  the  loop  of  a  wire  that  has  one  end  fattened  to  the 
leads,  he  holding  it  by  a  wax  handle  y  fo  the  fparks,  if 
the  rod  is  eledtrified,  will  ftrike  from  the  rod  to  the  wire, 
and  not  affedt  him. 

22.  Before  I  leave  this  fubjedt  of  lightning,  I  may  men¬ 
tion  fome  other  fimilarities  between  the  effedts  of  that,, 
and  thefe  of  eledtricity.  Lightning  has  often  been  known 
to  ftrike  people  blind.  A  pigeon  that  we  ftruck  dead  to 
appearance  by  the  eledtrical  Ihock,  recovering  life,  droop’d 
about  the  yard  feveral  days,  eat  nothing  though  crumbs 
were  thrown  to  it,  but  declined  and  died.  We  did  not 
think  of  its  being  deprived  of  fight ;  but  afterwards  a 
pullet  ftruck  dead  in  like  manner,  being  recovered  by  re¬ 
peatedly  blowing  into  its  lungs,  when  fet  down  on  the 
floor,  ran  headlong  againft  the  wall,  and  on  examination 
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appeared  perfectly  blind.  Hence  we  concluded  that  the 
pigeon  all'o  had  been  abfolutely  blinded  by  the  fhock. 
The  biggeft  animal  we  have  yet  killed  or  try’d  to  kill 
with  the  electrical  ftroke,  was  a  well-grown  pullet. 

23.  Reading  in  the  ingenious  Dr.  Hales' s  account  of 
the  thunder  ftorm  at  Stretham,  the  effeCt  of  the  lightning 
in  {tripping  off  all  the  paint  that  had  covered  a  gilt 
moulding  of  a  pannel  of  wainfcot,  without  hurting  the 
left  of  the  paint,  I  had  a  mind  to  lay  a  coat  of  paint  over 
the  filleting  of  gold  on  the  cover  of  a  book,  and  try  the 
effeCt  of  a  ftrong  eleCtrical  flafli  fent  through  that  gold 
from  a  charged  Iheet  of  glafs.  But  having  no  paint  at 
hand,  I  patted  a  narrow  {trip  of  paper  over  it  ;  and  when 
dry,  fent  the  flafli  through  the  gilding  ;  by  which  the  paper 
was  torn  off  from  end  to  end,  with  fuch  force,  that  it  was 
broke  in  feveral  places,  and  in  others  brought  away  part  of 
the  grain  of  the  Turky-leather  in  which  it  was  bound; 
and  convinced  me,  that  had  it  been  painted,  the  paint 
would  have  been  ftript  off  in  the  fame  manner  with  that 
on  the  wainfcot  at  Stretham. 

24.  Lightning  melts  metals,  and  I  hinted  in  my  paper 
on  that  fubjeCt,  that  I  fufpeCled  it  to  be  a  cold  fufion ; 
I  do  not  mean  a  fufion  by  force  of  cold,  but  a  fufion 
without  heat.  We  have  alfo  melted  gold,  filver,  and 

-  copper,  in  fmall  quantities,  by  the  eleCtrical  flaih.  The 
manner  is  this :  Take  leaf  gold,  leaf  filver,  or  leaf  gilt 
copper,  commonly  called  leaf  brafs,  or  Dutch  gold  : 
cut  off  from  the  leaf  long  narrow  {trips  the  breadth  of 

a  ffraw. 
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a  ftraw.  Place  one  of  thefe  ftrips  between  two  ftrips  of 
finooth  glafs  that  are  about  the  width  of  your  finger.  If 
one  ft  rip  of  gold,  the  length  of  the  leaf,  be  not  long  e- 
nough  for  the  glafs,  add  another  to  the  end  of  it,  fo  that 
you  may  have  a  little  part  hanging  out  loofe  at  each  end 
of  the  glafs.  Bind  the  pieces  of  glafs  together  from  end 
to  end  with  ftrong  filk  thread ;  then  place  it  fo  as  to  be 
part  of  an  eledtrical  circle,  (the  ends  of  gold  hanging  out 
being  of  ufe  to  join  with  the  other  parts  of  the  circle) 
and  fend  the  fiafti  through  it,  from  a  large  electrified 
jar  or  ftieet  of  glafs.  Then  if  your  ftrips  of  glafs  remain 
whole,  you  will  fee  that  the  gold  is  miffing  in  feverai 
places,  and  inftead  of  it  a  metallic  ftain  on  both  the 
glafies  3  the  ftains  on  the  upper  and  under  glafs  exadtly 
fimilar  in  the  minuted:  ftroke,  as  may  be  feen  by  holding 
them  to  the  light ;  the  metal  appeared  to  have  been  not 
only  melted,  but  even  vetrified,  or  otherwife  fo  driven 
into  the  pores  of  the  glafs,  as  to  be  protected  by  it  from 
the  adtion  of  the  ftrongeft  Aqua  Fortis  or  Aqua  Regia .  I 
fend  you  enclofed  two  little  pieces  of  glafs  with  thefe 
metallic  ftains  upon  them,  which  cannot  be  removed  with¬ 
out  taking  part  of  the  glafs  with  them.  Sometimes  the 
ftain  lpreads  a  little  wider  than  the  breadth  of  the  leaf, 
and  looks  brighter  at  the  edge,  as  by  infpedting  clofely 
you  may  obferve  in  thefe.  Sometimes  the  glafs  breaks 
to  pieces  :  once  the  upper  glafs  broke  into  a  thoufand  pieces, 
looking  like  coarfe  fait.  Thefe  pieces  I  fend  you  were 
ftain’d  with  Dutch  gold.  True  gold  makes  a  darker  ftain, 
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fomewhat  reddifh ;  filver,  a  greenifh  ftain.  We  once  took 
two  pieces  of  thick  looking-glafs,  as  broad  as  a  Gunter’s 
fcale,  and  6  inches  long  ;  and  placing  leaf-gold  between 
them,  put  them  betwixt  two  fmoothly  plain’d  pieces  of 
wood,  and  fix’d  them  tight  in  a  book-binder’s  fmall  prefs  -y 
yet  though  they  were  fo  clofely  confined,  the  force  ofthe 
electrical  fhock  fhivered  the  glafs  into  many  pieces.  The 
gold  was  melted  and  ftain’d  into  the  glafs  as  ufual.  The 
circumftances  of  the  breaking  of  the  glafs  differ  much  in 
making  the  experiment,  and  fometimes  it  does  not  break 
at  all :  but  this  is  conftant,  that  the  drains  in  the  upper  and 
under  pieces  are  exaCt  counterparts  of  each  other.  And 
though  I  have  taken  up  the  pieces  of  glafs  between  my 
fingers  immediately  after  this  melting,  1  never  could  per¬ 
ceive  the  lead  warmth  in  them. 

25.  In  one  of  my  former  papers,  I  mention’d,  that 
gilding  on  a  book,  though  at  firft  it  communicated  the 
fhock  perfectly  well,  yet  fail’d  after  a  few  experiments, 
which  we  could  not  account  for.  We  have  fince  found, 
that  one  ftrong  fhock  breaks  the  continuity  of  the  gold 
in  the  filleting,  and  makes  it  look  rather  like  dud  of 
gold,  abundance  of  its  parts  being  broken  and  driven  off; 
and  it  will  feldom  conduCt  above  one  ftrong  fhock.  Per¬ 
haps  this  may  be  the  reafon  ;  When  there  is  not  a  perfeCt 
continuity  in  the  circle,  the  fire  muft  leap  over  the  va¬ 
cancies  ;  there  is  a  certain  diftance  which  it  is  able  to 
leap  over  according  to  its  ftrength  j  if  a  number  of 
fmall  vacancies,  though  each  be  very  minute,  taken  to- 
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gether  exceed  that  diftance,  it  cannot  leap  over  them, 
and  fo  the  fhock  is  prevented* 

26.  From  the  before-mentioned  law  of  eledtricity,  that 
points,  as  they  are  more  or  lefs  acute,  draw  on  and 
throw  off  the  eledtrical  fluid  with  more  or  lefs  power, 
and  at  greater  or  lefs  diftances,  and  in  larger  or  fmaller 
quantities  in  the  fame  time,  we  may  fee  how  to  account 
for  the  fituation  of  the  leaf  of  gold  fufpended  between 
two  plates,  the  upper  one  continually  electrified,  the  un¬ 
der  one  in  a  perfon’s  hand  flanding  on  the  floor.  When 
the  upper  plate  is  eledtrified,  the  leaf  is  attradled  and 
raifed  towards  it,  and  would  fly  to  that  plate,  were  it  not 
for  its  own  points.  The  corner  that  happens  to  be  up- 
permoft  when  the  leaf  is  riling,  being  a  fharp  point,  from 
the  extream  thinnefs  of  the  gold,  draws  and  receives  at 
a  diftance  a  fufficient  quantity  of  the  eledtrical  fluid  to 
give  itfelf  an  eledtrical  atmofphere,  by  which  its  progrefs 
to  the  upper  plate  is  flopt,  and  it  begins  to  be  repelled 
from  that  place,  and  would  be  driven  back  to  the 
under  plate,  but  that  its  lowed:  corner  is  likewife  a 
point,  and  throws  off  or  difcharges  the  overplus  of  the 
leaf's  atmofphere,  as  fait  as  the  upper  corner  draws  it 
on.  Were  thefe  two  points  perfectly  equal  in  acutenefs, 
the  leaf  would  take  place  exadtly  in  the  middle  fpace, 
for  its  weight  is  a  trifle,  compared  to  the  power  adting 
on  it :  But  it  is  generally  neareft  the  uneledtrified  plate, 
becaufe,  when  the  leaf  is  offered  to  the  eledtrifled  plate 
at  a  diftance,  the  fharpeft  point  is  commonly  firft  aftedted 
and  raifed  towards  it  ;  fo  that  point,  from  its  greater 
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acutenefs,  receiving  the  fluid  farter  than  its  oppofite  can 
difcharge  it  at  equal  dirtances,  it  retires  from  the  eleftri- 
fied  plate,  and  draws  nearer  to  the  uneledtrified  plate, 
tiil  it  comes  to  a  dirtance  where  the  difcharge  can  .be  ex1- 
adtly  equal  to  the  receipt,  the  latter  being  leflened,  and 
the  former  encreafed ;  and  there  it  remains  as  long  as  the 
globe  continues  to  fupply  frefh  eledtrical  matter.  This 
will  appear  plain,  when  the  difference  of  acutenefs  in 
the  corners  is  made  very  great.  Cut  a  piece  of  Dutch 
gold  (which  is  fitted:  for  thefe  experiments  on-  account  of 
its  greater  ftrength)  into  the  form  of  Fig.  io.  the  up¬ 
per  corner  a  right  angle,,  the  two  next  obtufe  angles, 
and  the  lowed:  a  very  acute  one;  and  bring  this  on  your 
piate  under  the  electrified  plate,  in  fuch  a  manner  as 
that  the  right-angled  part  may  be  firft  raifed  (which  is 
done  by  covering  the  acute  part  with  the  hollow  of  your 
hand)  and  you  will  fee  this  leaf  take  place  much  nearer 
to  the  upper  than  the  under  plate  ;  becaufe  without 
being  nearer,  it  cannot  receive  fo  fart  at  its  right-angled 
point,  as  it  can  difcharge  at  its  acute  one.  Turn  this 
leaf  with  the  acute  part  uppermoft,  and  then  it  takes 
place  neareft  the  uneleftrified  plate  ;  becaufe,  otherwife 
it  receives  farter  at  its  acute  point  than  it  can  difcharge 
at  its  right-angled  one.  Thus  the  difference  of  dirtance 
is  always  proportioned  to  the  difference  of  acutenefs. 
Take  care  in  cutting  your  leaf  to  leave  no  little  ragged 
particles  on  the  edges,  which  fometimes  form  points 
where  you  would  not  have  them,  You  may  make  this 

figure 


— 


— “ 


Letters  on  Electricity.  69 

figure  fo  acute  below  and  blunt  above,  as  to  need  no  under 
plate,  it  difcharging  faft  enough  into  the  air.  When  it  is 
made  narrower,  as  the  figure  between  the  pricked  lines, 
we  call  it  the  Golden  Fi/lo ,  from  its  manner  of  aftine.  For 
if  you  take  it  by  the  tail,  and  hold  it  at  a  foot  or  greater 
horizontal  diftance  from  the  prime  conductor,  it  will, 
when  let  go,  fly  to  it  with  a  brifk  but  wavering  motion, 
like  that  of  an  eel  through  the  water;  it  will  then  take 
place  under  the  prime  conductor,  at  perhaps  a  quarter 
or  half  an  inch  diftance,  and  keep  a  continual  fhaking  of 
its  tail  like  a  fill),  fo  that  it  feems  animated.  Turn  its  tail 
towards  the  prime  condudor,  and  then  it  flies  to  your 
finger,  and  feems  to  nibble  it.  And  if  you  hold  a  plate 
under  it  at  fix  or  eight  inches  diftance,  and  ceafe  turning 
the  globe,  when  the  eledrical  atmofphere  of  the  conduc¬ 
tor  grows  final],  it  will  defcend  to  the  plate  and  fwim  back 
again  feveral  times  with  the  fame  fifh-like  motion,  greatly 
to  the  entertainment  of  fpedators.  By  a  little  pradice  In 
blunting  or  fharpening  the  heads  or  tails  of  thefe  figures, 
you  may  make  them  take  place  as  defined,  nearer,  or  far¬ 
ther  from  the  eledrified  plate. 

27.  It  is  faid  in  fedion  8,  of  this  paper,  that  all  kinds  of 
common  matter  are  fuppofed  not  to  attrad  the  eledrical 
fluid  with  equal  ftrength ;  and  that  thofe  called  eledrics 
per  fe ,  as  glafs,  &c.  attrad  and  retain  it  ftrongeft,  and  con¬ 
tain  the  greateft  quantity.  This  latter  pofition  may  feem 
a  paraoox  to  fome,  being  contrary  to  the  hitherto  received 
opinion  y  and  therefore  I  filial]  now  endeavour  to  explain  it. 

28.  In 
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28.  In  order  to  this,  let  it  firft  be  confider’d,  that  we 
cannot  by  any  ?7ieans  we  are  yet  acquainted  with ,  force  the 
electrical  find  thro ’  glafs .  I  know  it  is  commonly  thought 
that  it  ealily  prevades  glafs,  and  the  experiment  of  a  feather 
fufpended  by  a  thread  in  a  bottle  hermetically  fealed,  yet 
moved  by  bringing  a  rubbed  tube  near  the  outfide  of  the 
bottle,  is  alledged  to  prove  it.  But,  if  the  ele&rical  fluid 
fo  eafily  pervades  glafs,  how  does  the  vial  become  charged 
(as  we  term  it)  when  we  hold  it  in  our  hands  ?  Would 
not  the  fire  thrown  in  by  the  wire  pafs  through  to  our 
hands,  and  fo  efcape  into  the  floor  ?  Would  not  the  bot¬ 
tle  in  that  cafe  be  left  juft  as  we  found  it,  uncharged,  as 
we  know  a  metal  bottle  fo  attempted  to  be  charged  would 
be  ?  Indeed,  if  there  be  the  leaft  crack,  the  minuteft 
folution  of  continuity  in  the  glafs,  though  it  remains  fo 
tight  that  nothing  elfe  we  know  of  will  pafs,  yet  the  ex¬ 
tremely  fubtile  electrical  fluid  flies  through  fuch  a  crack 
with  the  greateft  freedom,  and  fuch  a  bottle  we  know 
can  never  be  charged  :  What  then  makes  the  difference 
between  fuch  a  bottle  and  one  that  is  found,  but  this,  that 
the  fluid  can  pafs  through  the  one,  and  not  through  the 
other  *  ? 

29.  It  is  true,  there  is  an  experiment  that  at  firft  fight 
would  be  apt  to  fatisfy  a  flight  obferver,  that  the  fire 
thrown  into  the  bottle  by  the  wire,  does  really  pafs  thro’ 

*  See  the  firfl  fixteen  Sections  of  the  former  paper,  called  Farther  Ex- 

periments ,  & c. 
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the  glafs.  It  is  this :  place  the  bottle  on  a  glafs  ftand,  urn- 
derthe  prime  conductor  *  fufpend  a  bullet  by  a  chain  from 
the  prime  condu&or,  till  it  comes  within  a  quarter  of  an 
inch  right  over  the  wire  of  the  bottle  ;  place  your  knuckle 
on  the  glafs  ftand,  at  juft  the  fame  diftance  from  the 
coating  of  the  bottle,  as  the  bullet  is  from  its  wire.  Now 
let  the  globe  be  turned,  and  you  fee  a  fpark  ftrike  from 
the  bullet  to  the  wire  of  the  bottle,  and  the  fame  inftant 
you  fee  and  feel  an  exadtly  equal  fpark  ftriking  from  the 
coating  on  your  knuckle,  and  fo  on  fpark  for  fpark.  This 
looks  as  if  the  whole  received  by  the  bottle  was  again  dif- 
charged  from  it.  And  yet  the  bottle  by  this  means  is 
charged !  *  And  therefore  the  fire  that  thus  leaves  the 
bottle,  though  the  fame  in  quantity,  cannot  be  the  very 
fame  fire  that  entered  at  the  wire  ;  for  if  it  were,  the  bot¬ 
tle  would  remain  uncharged. 

30.  If  the  fire  that  fo  leaves  the  bottle  be  not  the  fame 
that  is  thrown  in  through  the  wire,  it  muft  be  fire  that  fub- 
fifted  in  the  bottle,  (that  is,  in  the  glafs  of  the  bottle)  be¬ 
fore  the  operation  began. 

31.  If  fo,  there  muft  be  a  great  quantity  in  glafs,  be- 
caufe  a  great  quantity  is  thus  difcharged  even  from  very 
thin  glafs. 

32.  That  this  ele&rical  fluid  or  fire  is  ftrongly  attracted 
by  glafs,  we  know  from  the  quicknefs  and  violence  with 
which  it  is  refumed  by  the  part  that  had  been  deprived  of 


*  See  Se£t.  10,  of  Farther  Experiment  s,  &c. 
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it,  when  there  is  an  opportunity.  And  by  this,  that  we 
cannot  from  a  mafs  of  glafs  draw  a  quantity  of  eledrical 
fire,  or  eledrify  the  whole  mafs  minus,  as  we  can  a  mafs 
of  metal.  We  cannot  lefTen  or  increafe  its  whole  quanti¬ 
ty,  for  the  quantity  it  has  it  holds ;  and  it  has  as  much  as 
it  can  hold.  Its  pores  are  filled  with  it  as  full  as  the  mu¬ 
tual  repellency  of  the  particles  will  admit ;  and  what  is  al¬ 
ready  in,  refufes,  or  fcrongly  repels,  any  additional  quantity. 
Nor  have  we  any  way  of  moving  the  eledrical  fluid  in 
glafs,  but  one ;  that  is,  by  covering  part  of  the  two  fur- 
faces  of  thin  glafs  with  non-eledrics,  and  then  throwing 
an  additional  quantity  of  this  fluid  on  one  furface,  which 
fpreading  in  the  non-eledric,  and  being  bound  by  it  to 
that  furface,  ads  by  its  repelling  force  on  the  particles  of 
the  eledrical  fluid  contained  in  the  other  furface,  and  drives 
them  out  of  the  glafs  into  the  non-eledric  on  that  fide, 
from  whence  they  are  difcharged,  and  then  thofe  added 
on  the  charged  fide  can  enter.  But  when  this  is  done, 
there  is  no  more  in  the  glafs,  nor  lefs  than  before,  juft  as 
much  having  left  it  on  one  fide  as  it  received  on  the  other. 

33.I  feel  a  want  of  terms  here,  and  doubt  much  whe¬ 
ther  I  fhall  be  able  to  make  this  part  intelligible.  By  the 
word  furface,  in  this  cafe,  I  do  not  mean  mere  length  and 
breadth  without  thicknefs ;  but  when  I  fpeak  of  the  up¬ 
per  or  under  furface  of  a  piece  of  glafs,  the  outer  or  in¬ 
ner  furface  of  the  vial,  I  mean  length,  breadth,  and  half 
the  thicknefs,  and  beg  the  favour  of  being  fo  underftood. 
Now,  I  fuppofe,  that  glafs  in  its  firft  principles,  and  in  the 

furnace. 


Letters  on  Electricity. 

Lrnacc,  has  no  more  of  this  electrical  fluid  than  other 
common  mattei  :  That  when  it  is  blown,  as  it  cools,  and 
the  particles  of  common  fire  leave  it,  its  pores  become  a 
vacuum  :  That  the  component  parts  of  glafs  are  extremely 
fmall  and  fine,  I  guefs  from  its  never  fhowing  a  rough 
face  when  it  bleaks,  but  always  a  poliflo  -  and  from  the 
fmallnefs  of  its  pai  tides  I  luppofe  the  pores  betw'een  them 
muft  be  exceeding  fmall,  which  is  the  reafon  that  aqua¬ 
fortis,  nor  any  other  menftruum  we  have,  can  enter  to  fe- 
parate  them  and  diflolve  the  fubftance  •  nor  is  any  fluid 
we  know  of,  fine  enough  to  enter,  except  common  fire, 
and  the  electrical  fluid.  Now  the  departing  fire  leaving 
a  vacuum,  as  aforefaid,  between  thefe  pores,  which  air 
nor  water  are  fine  enough  to  enter  and  fill,  the  eleCtrical 
fluid  (which  is  every  where  ready  in  what  we  ,caH"the 
non-eleCtrics,  and  in  the  non-eleCtric  Mixtures  that  are  in 
the  air)  is  attracted  in  :  yet  does  not  become  fixed  with  the 
fubftance  of  the  glafs,  but  fubfifts  there  as  water  in  a  po¬ 
rous  ftone,  retained  only  by  the  attraction  of  the  fixed 
pai  ts,  ltfelf  ftill  loofe  and  a  fluid.  But  I  fuppofe  farther, 
that  in  the  cooling  of  the  glafs,  its  texture  becomes  clofeft 
in  the  middle,  and  forms  a  kind  of  partition,  in  which  the 
pores  are  fo  narrow,  that  the  particles  of  the  electrical 
fiuic.,  which  cntei  botn  furfaces  at  the  fame  time,  cannot 
go  through,  or  pafs  and  repafs  from  one  furface  to  the 
otnei,  and  fo  mix  together  j  yet,  though  the  particles  of 
electrical  fluid,  imbibed  by  each  furface,  cannot  themfelves 
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pafs  through  to  thofe  of  the  other,  their  repellency  can, 
and  by  this  means  they  adt  on  one  another.  The  particles 
of  the  eledlrical  fluid  have  a  mutual  repellency,  but  by  the 
power  of  attradlion  in  the  glafs  they  are  condenfed  or 
forced  nearer  to  each  other.  When  the  glafs  has  received, 
and,  by  its  attradlion,  forced  clofer  together  fo  much  of 
this  eledlrical  fluid,  as  that  the  power  of  attradling  and 
condenfing  in  the  one,  is  equal  to  the  power  of  expanfion 
in  the  other,  it  can  imbibe  no  more,  and  that  remains  its 
conftant  whole  quantity  5  but  each  furface  would  receive 
more,  if  the  repellencey  of  what  is  in  the  oppofite  furface 
did  not  refill  its  entrance.  The  quantities  of  this  fluid  in 
each  furface  being  equal,  their  repelling  adlion  on  each 
other  is  equal ;  and  therefore  thofe  of  one  furface  cannot 
drive  out  thofe  of  the  other  :  but,  if  a  greater  quantity  is 
forced  into  one  furface  than  the  glafs  would  naturally 
draw  in  ;  this  inereafes  the  repelling  power  on  that  fide, 
and  overpowering  the  attradlion  on  the  other,  drives  out 
part  of  the  fluid  that  had  been  imbibed  by  that  furface,  if 
there  be  any  non-eledlric  ready  to  receive  it:  fuch  there  is 
in  all  cafes  where  glafs  is  electrified  to  give  a  fiiock.  The 
furface  that  has  been  thus  emptied  by  having  its  eledlrical 
fluid  driven  out,  refumes  again  an  equal  quantity  with  vio¬ 
lence,  as  foon  as  the  glafs  has  an  opportunity  to  difcharge 
that  over  quantity  more  than  it  could  retain  by  attradlion 
in  its  other  furface,  by  the  additional  repellency  ^of  which 
the  vacuum  had  been  occaiioned,  For  experiments  fa¬ 
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vourlng  (if  I  may  not  fay  confirming)  this  hypothefis,  I 
muft,  to  avoid  repetition,  beg  leave  to  refer  you  back  to 
what  is  faid  of  the  eledtrical  phiai  in  my  former  pa¬ 
pers. 

34.  Let  us  now  fee  how  it  will  account  for  feveral 
other  appearances.— Glafs,  a  body  extremely  elaftic  (and 
perhaps  its  elafticity  may  be  owing  in  fome  degree  to  the 
lubfifting  of  fo  great  a  quantity  of  this  repelling  fluid 
in  its  pores)  muft,  when  rubbed,  have  its  rubbed  fur- 
face  fomewhat  ftretched,  or  its  folid  parts  drawn  a  little 
farther  afunder,  fo  that  the  vacancies  in  which  the  elec¬ 
trical  fluid  refides,  become  larger,  affording  room  for 
more  of  that  fluid,  which  is  immediately  attra&ed  into  it 
from  the  cufhion  or  hand  ruDbing,  they  being  fiipply’d 
from  the  common  ftock.  But  the  inftant  the  parts  of  the 
glafs  fo  open’d  and  fill’d  have  pafs’d  the  fridtion,  they 
clofe  again,  and  force  the  additional  quantity  out  upon 
the  furface,  where  it  muft  reft  till  that  part  comes  round 
to  the  cufhion  again,  unlefs  fome  non-ele&ric  (as  the 
prime  conductor)  firft  prefents  to  receive  it.  *  But  if  the 
infide  of  the  globe  be  lined  with  a  non-eledhic,  the  ad-- 

*  In  the  dark  the  ele&rical  fluid  may  be  feen  on  the  cufhion  in  two  fe- 
mi-circles  or  half-moons,  one  on  the  fore  part,  the  other  on  the  back  part 
of  the  cufhion,  juft  where  the  globe  and  cufhion  feparate.  In  the  fore 
crefcent  the  fire  is  palling  out  of  the  cufhion  into  the  glafs  \  in  the  other 
it  is  leaving  the  glafs,  and  returning  into  the  back  part  of  the  cufhion* 
When  the  prime  conductor  is  apply ?d  to  take  it  off  the  glafs,  the  back 
crefcent  difappears. 
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ditional  repellency  of  the  electrical  fluid,  thus  collected 
by  friction  on  the  rubb’d  part  of  the  globe’s  outer  fur- 
face,  drives  an  equal  quantity  out  of  the  inner  furface  into 
that  non-eleCtric  lining,  which  receiving  it,  and  carrying 
it  away  from  the  rubb’d  part  into  the  common  mafs, 
through  the  axis  of  the  globe  and  frame  of  the  ma¬ 
chine,  the  new  collected  electrical  fluid  can  enter  and  re¬ 
main  in  the  outer  furface,  and  none  of  it  (or  a  very  little) 
will  be  received  by  the  prime  conductor.  As  this  charg’d 
part  of  the  globe  comes  round  to  the  cufhion  again,  the 
outer  furface  delivers  its  overplus  fire  into  the  culhion,  the 
oppofite  inner  furface  receiving  at  the  fame  time  an  equal 
quantity  from  the  floor.  Every  electrician  knows  that  a 
globe  wet  within  will  afford  little  or  no  fire,  but  the  rea- 
fon  has  not  before  been  attempted  to  be  given,  that  I 
know  of. 

34.  So  if  a  tube  lined  with  a  *  non-eleCtric,  be  rubb’d, 
little  or  no  fire  is  obtained  from  it.  What  is  collected 
from  the  hand  in  the  downward  rubbing  ffroke,  entering 

the  pores  of  the  glals,  and  driving  an  equal  quantity  out 
of  the  inner  furface  into  the  non-eleCtric  lining  :  and  the 
hand  in  pafling  up  to  take  a  fecond  Itroke,  takes  out 
again  what  had  been  thrown  into  the  outer  furface,  and 
then  the  inner  furface  receives  back  again  what  it  had 
given  to  the  non-eleCtric  lining.  Thus  the  particles  of 

*  Gilt  paper,  with  the  gilt  face  next  the  glafs,  does  well. 
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electrical  fluid  belonging  to  the  infide  furface  go  in  and 
out  of  their  pores  every  ftroke  given  to  the  tube.  Put  a 
wire  into  the  tube,  the  inward  end  in  contact  with  the 
non-eleCtric  lining,  fo  it  will  reprefent  the  Leyden  bottle. 
Let  a  fecond  perfon  touch  the  wire  while  you  rub,  and 
the  fire  driven  out  of  the  inward  furface  when  you  give 
the  ftroke,  will  pafs  through  him  into  the  common  mafs, 
and  return  through  him  when  the  inner  furface  refumes 
its  quantity,  and  therefore  this  new  kind  of  Leyden  bot¬ 
tle  cannot  fo  be  charged.  But  thus  it  may  :  after  every 
ftroke,  before  you  pafs  your  hand  up  to  make  another, 
let  the  fecond  perfon  apply  his  finger  to  the  wire,  take 
the  fpark,  and  then  withdraw  his  finger  ;  and  fo  on  till 
he  has  drawn  a  number  of  fparks  5  thus  will  the  inner 
furface  be  exhaufted,  and  the  outer  furface  charged;  then 
wrap  a  fheet  of  gilt  paper  clofe  round  the  outer  furface, 
and  grafping  it  in  your  hand  you  may  receive  a  fhock5 
by  applying  the  finger  of  the  other  hand  to  the  wire  : 
for  now  the  vacant  pores  in  the  inner  furface  refume 
their  quantity,  and  the  overcharg’d  pores  in  the  outer  fur¬ 
face  difcharge  that  overplus ;  the  equilibrium  being  re- 
ftored  through  your  body,  which  could  not  be  reftored 
through  the  glafs.*  If  the  tube  be  exhaufted  of  air,  a 
non- eleCtric  lining  in  contact  with  the  wire  is  not  necef- 
fary  ;  for  in  vacuo ,  the  eleCtrical  fire  will  fly  freely  from 

f  See  Farther  Experiments,  §,  15, 
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the  inner  furface,  without  a  non-eledric  conductor  : 
but  air  refills  its  motion;  for  being  itfelf  an  eledric  per 
fit  h  does  not  attrad  it,  having  already  its  quantity.  So 
the  air  never  draws  of!  an  eledric  atmofphere  from  any 
body,  but  in  proportion  to  the  non-eledrics  mix’d  with 
it :  it  rather  keeps  fuch  an  atmolphere  confin’d,  which 
from  the  mutual  repulfion  of  its  particles,  tends  to  diffi- 

pation,  and  would  immediately  dillipate  in  vacuo. _ And 

thus  the  experiment  of  the  feather  inclofed  in  a  ’glafs 
\ellel  hermetically  leaied,  but  moving  on  the  approach 
of  the  rubbed  tube,  is  explained :  When  an  additional 
quantity  of  the  eledrical  fluid  is  applied  to  the  fide  of 
the  vefiel  by  the  atmofphere  of  the  tube,  a  quantity  is 
repelled  and  driven  out  of  the  inner  lurface  of  that  fide 
into  the  vefiel,  and  there  aflcds  the  feather,  returning 
again  into  its  pores,  when  the  tube  with  its  atmofphere  is 
withdrawn  ;  not  that  the  particles  of  that  atmofphere  did 

themfelves  pafs  through  the  glafs  to  the  feather. - And 

every  other  appearance  I  have  yet  feen,  in  which  glafs 
and  eledricity  are  concern’d,  are,  I  think,  explained  with 
equal  eafe  by  the  fame  hypothefis.  Yet,  perhaps,  it  may 

not  be  a  true  one,  and  I  fhall  be  obliged  to  him  that  af¬ 
fords  me  a  better. 

35.  Thus  I  take  the  difference  between  non-eledrics 
and  glafs,  an  eledric  per  fe,  to  confill  in  thefe  two  par¬ 
ticulars.  ifl,  That  a  non-eledric  eafily  fullers  a  change 
in  the  quantity  of  the  eledrical  fluid  it  contains.  You 
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may  leffen  its  whole  quantity  by  drawing  out  a  part, 
which  the  whole  body  will  again  refume ;  but  of  glafs 
you  can  only  leffen  the  quantity  contained  in  one  of  its 
furfaces ;  and  not  that,  but  by  fupplying  an  equal  quantity 
at  the  fame  time  to  the  other  furface  5  fo  that  the  whole 
glafs  may  always  have  the  fame  quantity  in  the  two  fur- 
faces,  their  two  different  quantities  being  added  together. 
And  this  can  only  be  done  in  glafs  that  is  thin  -  beyond 
a  certain  thicknefs  we  have  yet  no  power  that  can  make 
this  change.  And,  2dly,  that  the  eleCtrical  fire  freely  re¬ 
moves  from  place  to  place,  in  and  through  the  fubftance 
of  a  non-eleCtric,  but  not  fo  through  the  fubftance  of 
glafs.  If  you  offer  a  quantity  to  one  end  of  a  long  rod 
of  metal,  it  receives  it,  and  when  it  enters,  every  par¬ 
ticle  that  was  before  in  the  rod,  puflies  its  neighbour 
quite  to  the  further  end,  where  the  overplus  is  difcharged  ; 
and  this  inftantaneoufly  where  the  rod  is  part  of  the  circle 
in  the  experiment  of  the  fhock.  But  glafs,  from  the 
fmallnefs  of  its  pores,  or  ftronger  attraction  of  what  it 
contains,  refufes  to  admit  fo  free  a  motion ;  a  glafs  rod 
will  not  condudl:  a  fhock,  nor  will  the  thinned:  glafs  dif¬ 
fer  any  particle  entering  one  of  its  furfaces  to  pafs  thro’ 
to  the  other. 

36.  Hence  we  fee  the  impoffibility  of  fuccefs,  in  the 
experiments  propofed,  to  draw  out  the  effiuvial  virtues  of 
a  non-eleCtric,  as  cinnamon  for  inftance,  and  mixing  them 
with  the  electrical  fluid,  to  convey  them  with  that  into 

the 
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the  body,  by  including  it  in  the  globe,  and  then  apply¬ 
ing  fi  id  ion,  &c.  For  though  the  effluvia  of  cinnamon, 
and  the  eledrical  fluid  fhould  mix  within  the  globe,  they 
would  never  come  out  together  through  the  pores  of  the 
gbits,  and  fo  go  to  the  prime  condudor  j  for  the  elec- 
tiical  fluid  itfelf  cannot  come  through  ;  and  the  prime 
condudor  is  always  fupply’d  from  the  cuthion,  and  that 
from  the  floor.  And  betides,  when  the  globe  is  filled 
witii  cinnamon,  or  other  non-eledric,  no  eledrical  fluid 
can  be  obtained  from  its  outer  furface,  for  the  reafon  be¬ 
fore-mentioned.  I  have  try’d  another  way,  which  I 
thought  more  likely  to  obtain  a  mixture  of  the  eledrical 
and  other  effluvia  together,  if  fuch  a  mixture  had  been 
poffible.  I  placed  a  glafs  plate  under  my  cuthion,  to  cut 
off  the  communication  between  the  cuthion  and  floor  • 
then  brought  a  finall  chain  from  the  cuthion  into  a  glafs 
of  oil  of  turpentine,  and  carried  another  chain  from  the 
oil  of  turpentine  to  the  floor,  taking  care  that  the  chain 
from  the  cuthion  to  the  glafs  touch’d  no  part  of  the  frame 
of  the  machine.  Another  chain  was  fixed  to  the  prime 
condudor,  and  held  in  the  hand  of  a  perfon  to  be'elec- 
trifed.  The  ends  of  the  two  chains  in  the  glafs  were 
near  an  inch  diflant  from  each  other,  the  oil  of  turpen¬ 
tine  between.  Now  the  globe  being  turn’d,  could  draw 
no  fire  from  the  floor  through  the  machine,  the  com¬ 
munication  that  way  being  cut  off'  by  the  thick  glafs  plate 
under  the  cufliion :  it  muff  then  draw  it  through  the 

chains 
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chains  whofe  ends  were  dipt  in  the  oil  of  turpentine. 
And  as  the  oil  of  turpentine,  being  an  eledric  per  fe, 
would  not  conduct,  what  came  up  from  the  floor  was 
obliged  to  jump  from  the  end  of  one  chain  to  the  end  of 
the  other,  through  the  fubftance  of  that  oil,  which  we 
could  fee  in  large  fparks ;  and  fo  it  had  a  fair  opportunity 
of  feizing  fome  of  the  fineft  particles  of  the  oil  in  its  paf~ 
fage,  and  carrying  them  ^off  with  it :  but  no  fuch  e fifed: 
followed,  nor  could  I  perceive  the  lea.ft  difference  in  the 
fmell  of  the  eledrical  effluvia  thus  colleded,  from  what 
it  has  when  colleded  otherwife  ;  nor  does  it  otherwife 
affed  the  body  of  a  perfon  eledrifed.  I  like  wife  put 
into  a  phial,  inftead  of  water,  a  ftrong  purgative  liquid, 
and  then  charged  the  phial,  and  took  repeated  fhocks 
from  it,  in  which  cafe  every  particle  of  the  eledrical 
fluid  mult,  before  it  went  through  my  body,  have  firffc 
gone  through  the  liquid  when  the  phial  is  charging,  and 
returned  through  it  when  difcharging,  yet  no  other  effed 
followed  than  if  it  had  been  charged  with  water.  I  have 
alfo  fmelt  the  eledrical  fire  when  drawn  thro7  gold,  filver, 
copper,  lead,  iron,  wood,  and  the  human  body,  and 
could  perceive  no  difference  ;  the  odour  is  always  the 
fame  where  the  fpark  does  not  burn  what  it  ftrikes  ;  and 
therefore  I  imagine  it  does  not  take  that  fmell  from  any 
quality  of  the  bodies  it  paffes  through.  And  indeed,  as 
that  fmell  fo  readily  leaves  the  eledrical  matter,  and  ad¬ 
heres  to  the  knuckle  receiving  the  fparks,  and  to  other 

M  things ; 
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things ;  I  fufpeCt  that  it  never  was  connected  with  it, 
but  arifes  inftantaneoufly  from  fomething  in  the  air  aCIed 
upon  oy  it.  For  if  it  was  fine  enough  to  come  with  the 
electrical  fluid  through  the  body  of  one  perlon,  why 
fhould  it  flop  on  the  fkin  of  another? 

But  I  fhall  never  have  done,  if  I  tell  you  all  my  con¬ 
jectures,  thoughts,  and  imaginations,  on  the  nature  and 
operations  of  this  eleCtrical  fluid,  and  relate  the  variety 
of  little  experiments  we  have  try'd.  I  have  already  made 
this  paper  too  long,  for  which  I  mud  crave  pardon,  not 
having  now  time  to  make  it  fhorter.  I  fhall  only  add, 
that  as  it  has  been  obferved  here  that  fpirits  will  fire  by 
the  eledtrical  fpaik.  in  the  fummer  time,  without  heating 
them,  when  Fahrenheit's  thermometer  is  above  70  ;  fo 
when  colder,  if  the  operator  puts  a  fmall  flat  bottle 
of  fpirits  in  his  bofom,  or  a  clofe  pocket,  with  the  fpoon, 
fome  little  time  before  he  ufes  them,  the  heat  of  his  body 

will  communicate  warmth  more  than  fufficient  for  the 
purpofe. 


ADD  I- 
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ADDITIONAL  EXPERIMENT,  proving  that  the  Ley¬ 
den  Bottle  has  no  more  electrical  Fire  in  it  when  charged , 
than  before  ;  nor  lefs  when  difcharged :  Float,  in  di [char¬ 
ging,  the  Fire  does  not  ijfue  from  the  Wire  and  the  Coat¬ 
ing  at  the  fame  Fime ,  as  fome  have  thought ,  but  that  the 
Coating  always  receives  what  is  difcharged  by  the  Wire ,  or 
an  equal  Quantity  the  outer  Surface  being  always  in  a 
negative  State  of  Electricity,  when  the  inner  Surface  is 
in  a  poftive  State , 

PL  A  C  E  a  thick  plate  of  glafs  under  the  rubbing 
cushion,  to  cut  off  the  communication  of  ele&ri- 
cal  lire  from  the  floor  to  the  cufhion  3  then,  if  there  be 
no  fine  points  or  hairy  threads  flicking  oat  from  the 
culhion,  or  from  the  parts  of  the  machine  oppofite  to 
the  culhion,  (of  which  you  mu  A  be  careful)  you  can  get 
but  a  few  fparks  from  the  prime  condu&or,  which  are  all 
the  cufhion  will  part  with. 

Hang  a  phial  then  on  the  prime  conductor,  and  it  will 
not  charge,  tho*  you  hold  it  by  the  coating. -—But 

Form  a  communication  by  a  chain  from  the  coating  to 
the  cufhion,  and  the  phial  will  charge. 

For  the  globe  then  draws  the  eledtrical  fire  out  of  the 
outfide  furface  of  the  phial,  and  forces  it,  through  the 
prime  conductor  and  wire  of  the  phial,  into  the  infide. 
furface.. 

Thus 
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Thus  the  bottle  is  charged  with  its  own  fire,  no  other 
being  to  be  had  while  the  glafs  plate  is  under  the  cufhion. 

Hang  two  cork  balls  by  flaxen  threads  to  the  prime  con- 
dudor;  then  touch  the  coating  of  the  bottle,  and  they 
will  be  electrified  and  recede  from  each  other. 

For  juft  as  much  fire  as  you  give  the  coating,  fo  much 
is  difcharged  thro’  the  wire  upon  the  prime  conductor, 
whence  the  cork  balls  receive  an  eledrical  atmofphere. 
But, 

Take  a  wire  bent  in  the  form  of  a  C,  with  a  flick  of 
wax  fixed  to  the  outfide  of  the  curve,  to  hold  it  by;  and 
apply  one  end  of  this  wire  to  the  coating,  and  the  other 
at  the  fame  time  to  the  prime  conductor,  the  phial  will 
be  difcharged  ;  and  if  the  balls  are  not  eledrified  before 
the  difcharge,  neither  will  they  appear  to  be  fo  after  the 
difcharge,  for  they  will  not  repel  each  other. 

Now  if  the  fire  difcharged  from  the  infide  furface  of 
the  bottle  through  its  wire,  remained  on  the  prime  con- 
dudor,  the  balls  would  be  eledrified  and  recede  from 
each  other. 

If  the  phial  really  exploded  at  both  ends,  and  difchar¬ 
ged  fire  from  both  coating  and  wire,  the  balls  would  be 
more  eledrified,  and  recede  farther  ;  for  none  of  the  fire 
can  efcape,  the  wax  handle  preventing. 

But  if  the  fire,  with  which  the  infide  furface  is  furchar- 
ged,  be  fo  much  precifely  as  is  wanted  by  the  outfide  fur¬ 
face,  it  will  pafs  round  through  the  wire  fixed  to  the  wax 

handle, 
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handle,  reftore  the  equilibrium  in  the  glafs,  and  make  no 
alteration  in  the  date  of  the  prime  condudfor. 

Accordingly  we  find,  that  if  the  prime  conductor  be 
eledlrified,  and  the  cork  balls  in  a  fcate  of  rcpellency  be¬ 
fore  the  bottle  is  charged,  they  continue  fo  afterwards. 
If  not,  they  are  not  eledtrified  by  that  difcharge. 

CORRECTIONS  and  ADDITIONS 

to  the  Preceding  Papers. 

PAGE  2,  Sedh  1.  We  fince  find,  that  the  fire  in 
the  bottle  is  not  contained  in  the  non-eledtric,  but 
in  the  glafs.  All  that  is  after  faid  of  the  top  and  bottom  of 
the  bottle,  is  true  of  the  infide  and  cutfide  furfaces,  and 
fhould  have  been  fo  exprefied.  See  Sedh  1 6,  p.  1 6. 

Page  6,  line  13.  The  equilibrium  will  foon  be  re¬ 
stored  but  filently ,  &c.  This  muft  have  been  a  miftake. 
When  the  bottle  is  full  charged,  the  crooked  wire  cannot 
well  be  brought  to  touch  the  top  and  bottom  fo  quick, 
but  that  there  will  be  a  loud  fpark ;  unlefs  the  points  be 
fharp  without  loops. 

Ibid,  line  ult.  Outfide  :  add,  fuch  moifture  continuing 
up  to  the  cork  or  wire. 

Page  12,  line  14.  By  candle-light,  &c.  From  fome 

obfervations  fince  made,  1  am  inclined  to  think,  that  it  is 

not  the  light,  but  the  fmoke  or  non-eledtric  effluvia  from 

the 
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tLe  -candle,  coal,  and  red-hot  iron,  that  carry  off  the  elec¬ 
trical  fire,  being  firfi:  attracted  and  then  repelled. 

Page  13,  line  15.  Windmill  wheels,  &c.  We  after* 
difcovered,  that  the  afflux  or  efflux  of  the  eledtrical 
fire,  was  not  the  cauie  of  the  motions  of  thofe  wheels,  but 
various  circumftances  of  attra&ion  and  repulfion. 

Page  16,  line  21.  Let  A  and  B  ftand  on  wax,  ficc.  We 

^ocn  ^ound  that  it  was  only  neceffary  for  one  of  them  to 

ftand  on  wax. 

Page  24?  hne  12.  r.  contadt,  line  24.  confined. 

Page  2  5,  line  10,  for  ftand  read  hand . 

Page  28,  line  2.  The  co?jeque?7ce  might  perhaps  be  fatal , 
&c.  We  have  found  it  fatal  to  fmall  animals,  but  ’tis  not 
itrong  enough  to  kill  large  ones.  The  biggefi:  we  have 
killed  is  a  hen. 

Page  31,  line  20.  Ringing  of  chimes ,  &c.  This  is  fince 
done. 

Page  33>  ^ne  22  •  Fails  after  ten  or  twelve  experiments 
This  was  by  a  fmall  bottle  5  and  fince  found  to  fail  after 
with  a  large  glafs. 

Page  40,  Seft.  50,  5 1 .  Spirits  mufl  be  heated  before  we 
can  fire  them ,  &c.  We  have  fince  fired  fpirits  without 
heating,  when  the  weather  is  warm. 
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FROM 


Benjamin  Franklin,  Efq\  of  Philadelphia. 


T  O 


Piter  Collinson,  Efq\  F.  R.  S.  at  London. 


S  I  Ry  July  2 7,  1750. 

R  W-tfi-n,  I  believe,  wrote  his  obfervations  on 
my  laft  paper  in  hafte,  without  having  firft  well 
confidered  the  experiments  related  §.  iy. 

which  ftill  appear  to  me  decifive  in  the  queftion, _ Whether 

the  accumulation  of  the  electrical  fire  be  in  the  electrified 
glafisy  or  in  the  non- electric  matter  connected  with  the  glafis  ? 
And  to  demonftrate  that  ’tis  really  in  the  glafs. 

As  to  the  experiment  that  ingenious  gentleman  men¬ 
tions,  and  which  he  thinks  conclufive  on  the  other  fide, 
I  perfuade  myfelf  he  will  change  his  opinion  of  it,  when 
he  considers,  that  as  one  perfon  applying  the  wire  of  the 
charged  bottle  to  warm  fpirits,  in  a  fpoon  held  by  another 
perfon,  both  firanding  on  the  floor,  will  fire  the  fpirits,  and 
yet  fuch  firing  will  not  determine,  whether  the  accumula- 
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tion  was  in  the  glafs  or  the  non-cleclric  ;  fo  the  placing 
another  perfon  between  them,  {landing  on  wax,  with 'a 
bafon  in  his  hand,  into  which  the  water  from  the  phial  is 
pour’d,  while  he  at  the  inflant  of  pouring  prefents  a  finger 
of  his  other  hand  to  the  fpirits,  does  not  at  all  alter  the 
cafe  ;  the  flream  from  the  phial,  the  fide  of  the  bafon, 
with  the  arms  and  body  of  the  perfon  on  . the  wax,  being 
all  together  but  as  one  long  wire,  reaching  from  the  in¬ 
ternal  furface  of  the  phial  to  the  fpirits. 

June  29,  1751.  In  Capt.  Waddell  account  of  the  ef¬ 
fects  of  lightening  on  his  fhip,  I  could  not  but  take  notice 
of  the  large  comazants  (as  he  calls  them)  that  fettled  on 
the  fpintles  at  the  topmaft  heads,  and  burnt  like  very 
large  torches  (before  the  ftroke).  According  to  my  o- 
pinion,  the  ele&rical  fire  was  then  drawing  off,  as  by 
points,  from  the  cloud  ;  the  largenefs  of  the  flame  be¬ 
tokening  the  great  quantity  of  electricity  in  the  cloud  : 
and  had  there  been  a  good  wire  communication  from  the 
fpintle  heads  to  the  fea,  that  could  have  conduced  more 
freely  than  tarred  ropes,  or  malts  of  turpentine  wood,  I 
imagine  there  would  either  have  been  no  ftroke  ;  or,  if  a 
ftroke,  the  wire  would  have  conducted  it  all  irito  the  fea 

without  damage  to  the  fhip. 

His  compaffes  loft  the  virtue  of  the  load-ftone,  or  the 
poles  were  revers’d  ;  the  North  point  turning  to  the  South. 
_ By  electricity  we  have  (here  at  Philadelphia)  frequent¬ 
ly  given  polarity  to  needles,  and  reverfed  them  at  pleafure. 


_ 
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Mr  TVtlfon at  London ,  tried  it  on  two  large  maffes,  and 
with  too  fmall  force. 

A  fhock  from  four  large  glafs  jars,  fent  through  a  fine 
fewing  needle,  gives  it  polarity,  and  it  will  traverfe  when 
laid  on  water.  —  If  the  needle  when  ftruck  lies  Eaft  and 
Weft,  the  end  entered  by  the  ele&rie  blaft  points  North. 
— If  it  lies  North  and  South,  the  end  that  lay  towards 
the  North  will  continue  to  point  North  when  placed  on 
water,  whether  the  fire  entered  at  that  end,  or  at  the  con¬ 
trary  end. 

The  polarity  given  is  ftrongeft  when  the  needle  is  ftruck, 
lying  North  and  South,  weakeft  when  lying  Eaft  and  Weft  \ 
perhaps  if  the  force  was  ftill  greater,  the  South  end,  en¬ 
ter'd  by  the  fire,  (when  the  needle  lies  North  and  South) 
might  become  the  North,  otherwife  it  puzzles  us  to  ac-  * 
count  for  the  inverting  of  compafles  by  lightening  j  fince 
their  needles  mu  ft  always  be  found  in  that  fituation,  and 
by  our  little  experiments,  whether  the  blaft  entered  the 
North  and  went  out  at  the  South  end  of  the  needle,  or 
the  contrary,  ftill  the  end  that  lay  to  the  North  fhould 
continue  to  point  North. 

In  thefe  experiments  the  ends  of  the  needles  are  fome- 
times  finely  blued  like  a  watch  fpring  by  the  electric  flame. 
— This  colour  given  by  the  flafh  from  two  jars  only, 
will  wipe  off,  but  four  jars  fix  it,  and  frequently  melt 
the  needles.  I  fend  you  fome  that  have  had  their  heads 
and  points  melted  off,  by  our  mimic  lightning  ;  and  a  pin 

that  had  its  point  melted  off,  and  fome  part  of  its  head 

and 
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and  neck  run.  Sometimes  the  furface  on  the  body  of  tho 
needle  is  alio  run,  and  appears  blifter’d  when  examin’d  by 
a  magnifying  glafs  :  the  jars  I  make  ufe  of  hold  7  or  8 
gallons,  and  are  coated  and  lined  with  tin-foil  $  each  of 
them  takes  a  thoufand  turns  of  a  globe  nine  inches  diame¬ 
ter  to  charge  it. 

I  lend  you  two  Specimens  of  tin-foil  melted  between 
glafs,  by  the  force  of  two  jars  only. 

I  have  not  heard  that  any  of  your  European  electricians 
have  hitherto  been  able  to  fire  gunpowder  by  the  eleCtric 
flame.— We  do  it  here,  in  this  manner.— A  fmall  car¬ 
tridge  is  filled  with  dry  powder,  hard  rammed,  fo  as  to 
bruife  fome  of  the  grains,  two  pointed  wires  are  then 
thruft  in,  one  at  each  end,  the  points  approaching  each 
other  in  the  middle  of  the  cartridge  till  within  the  diftance 
of  half  an  inch,  then  the  cartridge  being  placed 'in  the 
ciicL,  when  tne  four  jars  are  difcharged,  the  eleCtric 
flame  leaping  from  the  point  of  one  wire  to  the  point  of 
the  other,  within  the  cartridge  amongft  the  powder,  fires 
it,  and  the  explofion  of  the  powder  is  at  the  fame  inftant 
with  the  crack  of  the  difcharge. 

Tours ,  &c * 

B.  FRANKLIN. 


LET- 


LETTER  VI. 

FROM 

Benjamin  Franklin,  Efq\  of  Philadelphia . 

T  O 

C.  C.  Efq;  at  New  York* 

K  " 

,.  l|w  •  *’  *'  * 

SIR,  175L 

Inclofe  you  Anfwers,  fuch  as  my  prefent  hurry  of  bu- 
linefs  will  permit  me  to  make,  to  the  principal  que¬ 
ries  contained  in  yours  of  the  28  th  inftant,  and  beg 
leave  to  refer  you  to  the  latter  piece  in  the  printed  col¬ 
lection  of  my  papers,  for  farther  explanation  of  the  dif¬ 
ference  "between  what  are  called  electrics  per  fe  and  non 
electrics*  When  you  have  had  time  to  read  and  confider 
thefe  papers,  I  will  endeavour  to  make  any  new  experi¬ 
ments  you  fhall  propofe,  that  you  think  may  afford  far¬ 
ther  light  or  fatisfadion  to  either  of  us ;  and  (hall  be 
much  obliged  to  you  for  fuch  remarks,  objections,  &c.  as 
may  occur  to  you, — I  forget  whether  I  wrote  you  that  I 
have  melted  brafs  pins,  and  ff  eel  needles,  inverted  the  poles 
of  the  magnetic  needle,  given  a  magnetifm  and  polarity  to 

needles 
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needles  tn.it  had  none,  and  fired  dry  gunpowder  by  tlic 
electric  fpark.  I  have  five  bottles  that  contain  8  or  9  gal¬ 
lons  each,  two  of  which  charg’d,  are  fufficient  for  thofe 
purpoles  ;  but  I  can  charge  and  difeharge  them  all  toge¬ 
ther  Theie  are  no  bounds  (but  what  expence  and  labour 
give)  to  the  force  man  may  raife  and  ufe  in  the  electrical 
way  :  For  bottle  may  be  added  to  bottle  in  infinitum,  and 
all  united  and  difeharged  together  as  one,  the  force  and 
effect  proportioned  to  their  number  and  fize.  The  greateft 
known  effects  of  common  lightening,  may,  I  think,  with¬ 
out  much  difficulty  be  exceeded  in  this  way,  which  a  few 
years  fince  could  not  have  been  believed,  and  even  now 
may  feem  to  many  a  little  extravagant  to  fuppofe.— So  we 
are  got  beyond  the  fkillof  Rabelais’s  devils  of  two  years 
old,  who,  he  humouroufly  fays,  had  only  learnt  to  thun¬ 
der  and  lighten  a  little  found  the  head  of  a  cabbage. 

I  am,  with  fmcere  refpeSf, 

Totr  mojl  obliged  humble  fervant. 

B.  FRANKLIN. 
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Queries  and  Anfwers,  refer?  " cl  to  in  the  fore¬ 
going  Letter. 

^ ijery ,  Wherein  confifts  the  difference  between  an  e- 
leffiric  and  a  non-ele£lric  body  ? 

Anfwer .  The  terms  eledtric  per  fe}  and  non -eledtric 
were  firffc  ufed  to  diftinguifh  bodies,  on  a  miftaken  fup- 
pofition  that  thofe  called  eledtrics per  fe  alone  contained 
eledtric  matter  in  their  fubftance,  which  was  capable  of 
being  excited  by  fridtion,  and  of  being  produced  or  drawn 
from  them  and  communicated  to  thofe  called  non- 
eledtrics,  fuppofed  to  be  deftitute  of  it:  For  the  glafs,  &c. 
being  rubbed,  difcover’d  figns  of  having  it,  by  fnapping 
to  the  finger,  attradting,  aepelling,  &c.  and  could  com¬ 
municate  thofe  figns  to  metals  and  water.— Afterwards 
it  was  found,  that  rubbing  of  glafs  would  not  produce  the 
eledtric  matter,  unlefs  a  communication  was  preferved  be¬ 
tween  the  rubber  and  the  floor ;  and  fubfequent  experi¬ 
ments  prov’d  that  the  eledtric  matter  was  really  drawn 
from  thofe  bodies  that  at  firft  were  thought  to  have  none 
in  them.  Then  it  was  doubted  whether  glafs  and  other 
bodies  called  eleStrics  per  fe  had  really  any  eledtric  matter 
in.  them,  fince  they  apparently  afforded  none  but  what 
they  firft  extradted  from  thofe  which  had  been  called  non- 
eledtrics.  But  fome*  of  my  experiments  (hew  that  glafs 
contains  it  in  great  quantity,  and  I  now  fufpedt  it  to  be 
pretty  equally  difiufed  in  all  the  matter  of  this  terraqueous 
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globe.  If  fo,  the  terms  eleElric  per  fe>  and  non  ele£iric% 
fhould  be  laid  afide  as  improper  :  And  (the  only  difference 
being  this,  that  fomc  bodies  will  conduct  eledtric  matter, 
and  others  will  not)  the  terms  conduUlors  and  non-condu£}<zrs 
may  fupply  their  place.  If  any  portion  of  electric  matter 
is  applied  to  a  piece  of  conducting  matter,  it  penetrates 
and  flows  through  it,  or  fpreads  equally  an  its  furface  •>  if 
applied  to  a  piece  of  non-condudting  matter,  it  will  do 
neither.  Perfect  conductors  of  eledtric  matter  are  only 
metals  and  water.  Other  bodies  conducting  only  as  they 
contain  a  mixture  of  thofe  3  without  more  or  lefs  of 
which  they  will  not  conduct  at  all.*  This  (by  the  way) 
fhews'a  new  relation  between  metals  and  water  heretofore  * 

unknown. 

To  iiluftrate  this  by  a  comparifon,  which,  however,  can 
only  give  a  faint  refemblance.  Eledtric  matter  paffes 
through  conductors  as  water. paffes  through  a  porous- ftone, 
or  fpreads  on  their  furfaces  as  water  fpreads  on  a  wet 
ftone  ;  but  when  apply’d  to  non-conductors,  ’tis  like  wa¬ 
ter  dropt  on  a  greafy  ftone  ;  it  neither  penetrates,  paffes 
through,  nor  fpreads  on  the  furface,  but  remains  in  drops 
where  it  falls.  See  farther  on  this  head  in  my  laft  print¬ 
ed  piece. 

Query.  What  are  the  effects  of  air  in  electrical  experi¬ 
ments. 

Anjwcr.  All  I  have  hitherto  obferved  are  thefe.  Moift: 

air 

*  This  proportion  is  fince  found  to  be  too  general  ;  Mr  IVilfan  having 
difcovercd  that  melted  wax  and  rofm  will  alfo  conduct. 
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air  receives  and  conducts  the  eleCtrical  matter  in  propor¬ 
tion  to  its  moifture,  quite  dry  air  not  all  :  an*  is  there¬ 
fore  to  be  clafs’d  with  the  non-conduCtors.  Dry  airaf- 
fifts  in  confining  the  eleCtrical  atmofphere  to  the  body  it 
furrounds,  and  prevents  its  diffipating  :  for  in  vacuo  it 
quits  eafily,  and  points  operate  stronger,  /.  e.  they  throw 
off  or  attract  the  electrical  matter  more  freely,  and  at 
greater  diftances ;  fo  that  air  intervening  obftruCts  its  paf- 
fing  from  body  to  body,  in  fome  degree.  A  clean  electri¬ 
cal  phial  and  wire,  containing  air  inftead  of  water,  will 
not  be  charged  nor  give  a  fhock,  any  more  than  if  it  was 
fill’d  with  powder  of  glafs  ;  but  exhaufled  of  air  it  operates 
as  well  as  if  fill’d  with  water.  Y et,  an  eleCtrical  atmofphere 
and  air  do  not  feem  to  exclude  each  other,  for  we  breath 
freely  in  fuchan  atmofphere,  and  dry  air  will  blow  through 
it  without  difplacing  or  driving  it  away.  I  queftion  whe¬ 
ther  the  ffrongeft  dry  N.  Wefter  would  diffipate  it.  I 
once  eleClrified  a  large  cork  ball,  at  the  end  of  a  filk 
thread  3  feet  long,  the  other  end  of  which  I  held  in  my 
fingers,  and  whirl’d  it  round,  like  a  fling,  100  times  in  the 
air,  with  the  fwifteft  motion  I  could  poflibly  give  it,  yet 
it  retained  its  eleCtrical  atmofphere,  though  it  muff  have 
pafs’d  through  800  yards  of  air,  allowing  my  arm*  in 
giving  the  motion  to  add  a  foot  to  the  femi-diameter  of 
the  circle. — By  quite  dry  air,  I  mean  the  dryeft  we  have  : 
for  perhaps  we  never  have  any  perfectly  free  from  moifture. 
An  eleCtrical  atmofphere  raifed  round  *a  thick  wire,  in- 
Xerted  in  a  phial  of  air,  drives  out  none  of  the  air,  nor 

O  2  on 
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on  withdrawing  that  atmofphere  will  any  air  rufli  in,  as  I 
have  found  by  a  very  curious  experiment,  accurately  made, 
whence  we  concluded  that  the  air’s  elafticity  was  not  af¬ 
fected  thereby. 

«.  * 

An  Experiment  towards  difcovering  more  of  the  Qualities 

cj  the  Electric  Fluid. 

From  the  prime  conductor,  hang  a  bullet  by  a  wire 
hook ;  under  the  bullet  at  half  an  inch  diftance,  place  a 
bright  piece  of  filver  to  receive  the  fparks ;  then  let  the 
wheel  be  turned,  and  in  a  few  minutes  (if  the  repeated  J 
fparks  continually  flrike  in  the  fame  fpot)  the  lilver  will 
receive  a  blue  ftain  near  the  colour  of  a  watch  firing. 

A  bright  piece  of  iron  will  alfo  be  fpotted,  but  not  with 
that  colour  j  it  rather  feems  corroded. 

On  gold,  brafs,  or  tin,  I  have  not  perceived  that  it 
makes  any  impreffion.  But  the  fpots  on  the  filver  or  iron 
will  be  the  fame,  whether  the  bullet  be  lead,  brafs,  gold,  or 
filver. 

On  a  filver  bullet,  there  will  alfo  appear  a  fmall  fpot, 
as  well  as  on  the  plate  below  it, 


LET- 
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VII. 


FROM 


Mr  E.  Kinnersley,  at  Bofto ny 

T  O 

Benjamin  Franklin,  Efq;  at  Philadelphia. 

SIR  Feb.  3,  1752. 

Have  the  following  experiments  to  communicate:  I 


held  in  one  hand  a  wire,  which  was  fatten’d  at  the 
other  end  to  the  handle  of  a  pump,  in  order  to  try 
whether  the  ftroke  from  the  prime  conductor,  through 
my  arms,  would  be  any  greater,  than  when  convey’d  only 
to  the  furface  of  the  earth,  but  could  difcover  no  dif- 
ference. 

1  placed  the  needle  of  a  compafs  on  the  point  of  a  long 
pin,  and  holding  it  in  the  atmofphere  of  the  prime  con¬ 
ductor,  at  the  diftance  of  about  three  inches,  found  it  to 
whirl  round,  like  the  flyers  of  a  jack,  with  great  rapidity. 

I  fufpended  with  filk,  a  cork  ball,  about  the  bignefs  of 
a  pea,  and  prefented^  to  it,  rubbed  amber,  fealing  wax, 
and  fulphur,.  by  each  of  which  it  was  ttrongly  repelled  $ 

then 
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then  I  tried  rubbed  glafs  and  china,  and  found  that  each 
of  thefe  would  attraCt  it,  until  it  became  electrified  again, 
and  then  it  would  be  repelled  as  at  firft  3  and  while  thus 
repelled  by  the  rubbed  glafs  or  china,  either  of  the  others 
when  rubbed  would  attradl  it.  Then  I  electrified  the  ball, 
with  the  wire  of  a  charged  phial,  and  prefented  to  it 
rubbed  glafs  (the  ftopper  of  a  decanter)  and  a  china  tea 
cup,  by  which  it  was  as  ftrongly  repelled,  as  by  the  wire  ; 
but  when  I  prefented  either  of  the  other  rubbed  eleCtrics, 
it  would  be  ftrongly  attracted,  and  when  I  eledtrified  it, 
by  either  of  thefe,  till  it  became  repelled,  it  would  be  at¬ 
tracted  by  the  wire  of  the  phial,  but  be  repelled  by  its 
coating. 

Thefe  experiments  furprized  me  very  much,  and  have 
induced  me  to  infer  the  following  parodoxes. 

1.  If  a  glafs  globe  be  placed  at  one  end  of  a  prime 
conductor,  and  a  fulphur  one  at  the  other  end,  both  be¬ 
ing  equally  in  good  order,  and  in  equal  motion,  not  a 
fpark  of  fire  can  be  obtain’d  from  the  conductor  3  but  one 
globe  will  draw  out,  as  faft  as  the  other  gives  in. 

2.  If  a  phial  be  fufpended  on  the  conductor,  with  a 
chain  from  its  coating  to  the  table,  and  only  one  of  the 
globes  be  made  ufe  of  at  a  time,  20  turns  of  the  wheel, 
for  inftance,  will  charge  it  3  after  which,  fo  many  turns 
of  the  other  wheel  will  difeharge  it 3  and  as  many  more 
will  charge  it  again. 

3.  The  globes  being  both  in  motion,  each  having  a  fe- 
parate  conductor,  with  a  phial  fufpended  on  one  of  them, 

and 
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and  the  chain  of  it  fattened  to  the  other,  the  phial  will 
become  charged  j  one  globe  charging  politively,  the  other 
negatively. 

4.  The  phial  being  thus  charged,  bang  it  in  like  man¬ 
ner  on  the  other  conductor fet  both  wheels  a  going  again, 
and  the  fame  number  of  turns  that  charged  it  before,  will 
now  difcharge  it  ;  and  the  fame  number  repeated,  will 
charge  it  again. 

r.  When  each  globe  communicates  with  the  fame  prime 
conductor,  having  a  chain  hanging  from  it  to  the  table, 
one  of  them,  when  in  motion,  (but  which  I  can’t  fay) 
will  draw  fire  up  through  the  cufhion,  and  difcharge  it 
through  the  chain  ;  the  other  will  draw  it  up  through  the 
chain,  and  difcharge  it  through  the  cufhion. 

I  fhould  be  glad  if  you  would  fend  to  my  houfe  for 
my  fulphur  globe,  and  the  cufhion  belonging  to  it,  and 
make  the  trial  ;  but  mutt  caution  you  not  to  ufe  chalk  on 
the  cufhion,  fome  fine  powdered  fulphur  will  do  better. 
If,  as  I  expedt,  you  fhould  find  the  globes  to  charge  the 
prime  conductor  differently,  I  hope  you  will  be  able  to  dif- 
cover  fome  method  of  determining  which  it  is  that  charges 
politively. 

1  am ,  &c. 


E.  KINNERSLEY. 
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TER  VIII. 

F  ROM 


Benjamin  Franklin,  Efq\  of  Philadelphia , 

T  O 

Mr  E.  Kinnersley,  at  Bojlon . 

\ 

I  March  2,  1752. 

I  Thank  you  for  the  experiments  communicated.  I 
fent  immediately  for  your  brimftone  globe,  in  order 
to  make  the  trials  you  defired,  but  found  it  wanted 
centers,  which  I  have  not  time  now  to  fupply  ;  but  the 

firft  leifure  I  will  get  it  fitted  for  ufe,  try  the  experiments, 
and  acquaint  you  with  the  refult. 

In  the  mean  time  I  fufped,  that  the  different  attractions 
and  repulfions  you  obferved,  proceeded  rather  from  the 
greater  or  fmaller  quantities  of  the  fire  you  obtained  from 

different  bodies,  than  from  its  being  of  a  different  kind ,  or 
having  a  different  direction.  In  halte, 


1  am,  &c. 

B.  FRANKLIN. 
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LETTER  IX. 


F  R  .  O  M 

Benjamin  Franklin,  Efq\  of  Philadelphia. 

T  O 

To  Mr  E.  Kinnersley,  at  Bojlon. 


March  16,  175  2 


SIR 


HAving  brought  your  brimflone  globe  to  work,  I 
try'd  one  of  the  experiments  you  propofed,  and 
was  agreeably  furprized  to  find,  that  the  glafs 
globe  being  at  one  end  of  the  conductor,  and  the  fulphur 
globe  at  the  other  end,  both  globes  in  motion,  no  fpark 
could  be  obtained  from  the  condudtor,  unlefs  when  one 
globe  turned  flower,  or  was  not  in  fo  good  order  as  the  o- 
ther ;  and  then  the  fpark  was  only  in  proportion  to  the 
difference,  fo  that  turning  equally,  or  turning  that  flowed: 
which  work'd  beft,  would  again  bring  the  conductor  to  af¬ 
ford  no  fpark. 

I  found  alfo,  that  the  wire  of  a  phial  charg'd  by  the 
glafs  globe,  attrafred  a  cork  ball  that  had  touch'd  the  wire 
of  a  phial  charged  by  the  brimflone  globe,  and  vice  verfa , 
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fo  that  the  cork  continued  to  play  between  the  two  phials, 
juft  as  when  one  phial  was  charged  through  the  wire,  the 
other  through  the  coating,  by  the  glafs  globe  alone.  And 
two  phials  charged,  the  one  by  the  brimftone  globe,  the 
other  by  the  glafs  globe,  would  be  both  difcharged  by 
bringing  their  wires  together,  and  fhock  the  perfon  hold¬ 
ing  the  phials. 

From  thefe  experiments,  one  may  be  certain  that  your 
2d,  3d,  and  4th  propofed  experiments,  would  fucceed  ex¬ 
actly  as  you  fuppofe,  though  I  have  not  tried  them,  want¬ 
ing  time.— I  imagine  it  is  the  glafs  globe  that  charges 
pofitively,  and  the  fulphur  negatively,  for  thefe  reafons, 
1.  Though  the  fulphur  globe  feems  to  work  equally  well 
with  the  glafs  one,  yet  it  can  never  occafion  fo  large  and 
diftant  a  fpark  between  my  knuckle  and  the  conductor 
when  the  fulphur  one  is  working,  as  when  the  glafs  one 
is  ufed  ;  which,  I  fuppofe,  is  occafioned  by  this,  that  bo¬ 
dies  of  a  certain  bignefs  cannot  fo  eafily  part  with  a 
quantity  of  eledlrical  fluid  they  have  and  hold  attracted 
within  their  fubftance,  as  they  can  receive  an  additional 
quantity  upon  their  furface  by  way  of  atmofphere.  There¬ 
fore  fo  much  cannot  be  drawn  out  of  the  condu&or,  as 
can  be  thrown  on  it.  2.  I  obferve  that  the  ftream  or 
brufh  of  fire  appearing  at  the  end  of  a  wire  connected 
with  the  conductor,  is  long,  large,  and  much  diverging, 
when  the  glafs  globe  is  ufed,  and  makes  a  fnapping  (or 
rattling)  noife  :  but  when  the  fulphur  one  is  ufed,  it  i$ 
fhort,  fmall,  and  makes  a  hiffing  noife  5  and  juft  the  re- 

verfe 
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verfe  of  both  happens,  when  you  hold  the  fame  wire  in 
your  hand,  and  the  globes  are  worked  alternately  :  the 
brufh  is  large,  long,  diverging  and  flapping  (or  rattling) 
when  the  fulphur  globe  is  turn’d  ;  fhort,  fmall,  and  hiding 
when  the  glafs  globe  is  turn’d.— When  the  brufh  is  long, 
large,  and  much  diverging,  the  body  to  which  it  "joins, 
feems  to  me  to  be  throwing  the  fire  out  ;  and  when  the 
contrary  appears,  it  feems  to  be  drinking  in.  3.  I  of¬ 
fer  ve,  that  when  I  held  my  nuckle  before  the  fulphur 
globe,  while  turning,  the  ftream  of  fire,  between  my 
knuckle  and  the  globe,  feems  to  fpread  on  its  furface,  as 
if  it  flowed  from  the  finger  $  on  the  glafs  globe  ’tis  other- 
wife.  4.  The  cool  wind  (or  what  was  called  fo)  that 
we  ufed  to  feel  as  coming  from  an  electrified  point,  is 
much  more  fenfible,  when  the  glafs  globe  is  ufed,  than 
when  the  fulphur  one.— But  thefe  are  hafty  thoughts. 
As  to  your  fifth  paradox,  it  muft  likewife  be  true,  if  the 
globes  are  alternately  worked  but  if  work’d  together,  the 
fire  will  neither  come  up  nor  go  down  by  the  chain,  be- 
caufe  one  globe  will  drink  it  as  faft  as  the  other  pro¬ 
duces  it. 

'I  fhould  be  glad  to  know  whether  the  effeCts  would  be 
contrary,  if  the  glafs  globe  is  folid,  and  the  fulphur  globe  is 
hollow ;  but  I  have  no  means  at  prefent  of  trying. 

In  your  journeys,  your  glafs  globes  meet  with  accidents, 
and  fulphur  ones  are  heavy  and  inconvenient.  Query. 
Would  not  a  thin  plane  of  brimftone,  caft  on  a  board, 
ferve  on  occafion  as  a  cufhion,  while  a  globe  of  leather 

fluffed 
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fluffed  (properly  mounted)  might  receive  the  fire  from  the 
iulphur,  and  charge  the  conductor  pofitively?  Such  a  globe 
would  be  in  no  danger  in  breaking.  I  think  I  can  conceive 
how  it  may  be  done  5  but  have  not  time  to  add  more 
than  that  I  am, 

Tours ,  &c. 

B.  FRANKLIN. 


LETTER  X. 

FROM 

Benjamin  Franklin,  Efq\  of  Philadelphia . 


Out.  1 9,  I752. 

S  frequent  mention  is  made  in  the  news  papers 
from  Europe ,  of  the  fuccefs  of  the  Philadelphia 
experiment  for  drawing  the  eledtric  fire  from 
clouds  by  means  of  pointed  rods  of  iron  eredled  on  high 
buildings,  c "Sc.  it  may  be  agreeable  to  inform  the  curious 
that  the  fame  experiment  has  fucceeded  in  Philadelphia , 
though  made  in  a  different  and  more  eafy  manner,  which 
is  as  follows  : 

Make  a  fmall  crofs  of  two  light  ftrips  of  cedar,  the 


arms 
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arms  fo  long  as  to  reach  to  the  four  corners  of  a  large 
thin  iilk  handkerchief  when  extended  ;  tie  the  corners  of 
the  handkerchief  to  the  extremities  of  the  crofs,  fo  you 
have  the  body  ot  a  kite  ;  which  being  properly  accom¬ 
modated  with  a  tail,  loop,  and  firing,  will  rife  in  the  air, 
like  thofe  made  of  paper  ;  but  this  being  of  fiik,  is  fitter 
to  bear  the  wind  and  wet  of  a  thunder  guff  without  tear¬ 
ing.  To  the  top  of  the  upright  Pack  of  the  crofs  is  to 
be  fixed  a  very  {harp  pointed  wire,  riling  a  foot  or  more 
above  the  wood.  To  the  end  of  the  twine,  next  the 
hand,  is  to  be  ty’d  a  fiik  ribbon,  and  where  the  fiik  and 
twine  join,  a  key  may-  be  fattened.  This  kite  is  to  be 
raifed  when  a  thunder  gutt  appears  to  be  coming  on,  and 
theperfon  who  holds  the. firing  mutt  ftand  within  a  door, 
or  window,  or  under  fome  cover,  fo  that  the  fiik  ribbon 
may  not  be  wet;  and  care  mutt  be  taken  that  the  twine 


does  not  touch  the  frame  of  the  door  or  windo  w.  As 
foon  as  any  of  the  thunder  clouds  come  over  the  kite,  the 
pointed  wire  will  draw  theeledlric  fire  from  them,  and 
the  kite,  with  all  the  twine,  will  be  electrified,  and  the 
loofe  filaments  of  the  twine  will  ftand  out  every  way,  and 
be  attracted  by  an  approaching  finger.  And  when  the  rain 
has  wet  the  kite  and  twine,  fo  that  it  can  conduct  the 
eledtric  fire  freely,  you  will  find  it  ftream  out  plentifully 
from  the  key  on  the  approach  of  your  knuckle.  At  this 
key  the  phial  may  be  charged  ;  and  from  eledtric  fire  thus 
obtained,  fpirits  may  be  kindled,  and  all  the  other  eledtric 

experiments  be  performed,  which  are  ufually  done  by  the 

help 
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help  of  a  rubbed  glafs  globe  or  tube j  and  thereby  the  fame- 
nefs  of  the  eledlric  matter  with  that  of  lightening  com¬ 
pletely  demonftrated. 


B.  F. 


LETTER  XI. 

FROM 

Benjamin  Franklin,  Efq ;  of  Philadelphia , 

AS  you  tell  me  our  friend  Cave  is  about  to  add 
fome  later  experiments  to  my  pamphlet, with  the 
Errata ,  I  fend  a  copy  of  a  letter  from  Dr  Colden , 
which  may  help  to  fill  a  few  pages  5  alfo  my  kite  experi¬ 
ment  in  the  Penfylvama  Gazette  :  to  which  I  have  no¬ 
thing  new  to  add,  except  the  following  experiment  to¬ 
wards  difcovering  more  of  the  qualities  of  the  ele&ric 
fluid.  From  the  prime  condu^ftor,  hang  a  bullet  by  a 
wire  hook  ;  under  the  bullet,  at  half  an  inch  diftance, 
place  a  bright  piece  of  filver  to  receive  the  fparks ;  then 
let  the  wheel  be  turned,  and  in  a  few  minutes,  (if  the 
repeated  fparks  continually  ftrike  in  the  fame  fpot)  the 
filver  will  receive  a  blue  ftain  near  the  colour  of  a  watch 
fpring.  A  bright  piece  of  iron  will  alfo  be  fpotted,  but 
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not  with  that  colour :  it  rather  feems  to  be  corroded.  On 
gold,  brafs,  or  tin,  I  have  not  perceived  that  it  makes  any 
impreflion.  But  the  ipots  on  the  filver  or  iron  will  be 
the  fame,  whether  the  bullet  be  lead,  brafs,  gold,  or  filver. 
On  a  filver  bullet  there  will  alfo  appear  a  fmall  fpot,  as 
well  as  in  the  plate  below  it. 
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Additional  ERRATA  in  Part  I.  to  the  printed 
Electrical  Papers.  By  B.  Franklin. 


reprefe?2ted  by  A  and  B, 


Page  65,  1.  19.  r.  Aqua  Regia. 

Page  7 o,  I.  6.  r.  rubbed . 

Fig.  VI.  in  the  plate,  wants  the  referring  letters  A,  B,  C, 
D.  In  the  copy  that  Fig.  was  mentioned  as  a  profile  of  a 
piece  of  water,  the  little  circles  reprefenting  particles.  The 
two  upper  circles  were  mark’d  A  and  B,  and  two  others 
in  the  under  line  or  row  C  and  D.  As  it  Hands  'tis  wholly 
unintelligible. 

Page  73, 1.  17.  r.  air. 

Page  74, 1.  7.  r.  electrical. 

Page  8i,l.  3.  place  a  comma  at  conduct,  and  dele  comma 
at  floor. 

Page  8 5,  1.  5.  r.  difcharged.  1.  13,  r.  p.  24, 

Page  86, 1.  20.  r.  ajter  one . 
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LETTER  XII. 


FROM 

Benj.  F  r  ankl  i  n,  Efq'j  of  Philadelphia . 

T  O 

Peter  Collinson,  Efq,  F.  R.  S.  London. 


SIR,  Philadelphia,  September  1753. 

IN  my  former  paper  on  this  fubjedt,  wrote  firft  in  i747> 
enlarged  and  fent  to  England  in  1 749,  I  confidered 
the  fea  as  the  grand  fource  of  lightning ;  imagining  its 
luminous  appearance  to  be  owing  to  eledtric  fire,  produc’d 
by  fridtion  between  the  particles  of  water  and  thofe  of  fait. 
Living  far  from  the  fea,  I  had  then  no  opportunity  of  mak¬ 
ing  experiments  on  the  fea  water,  and  fo  embrac’d  this 
opinion  too  haftily. 

For  in  1750  and  1751,  being  occafionally  on  the  fea 
coaft,  I  found,  by  experiments,  that  fea  water  in  a  bottle, 
tho’  at  firft  it  would  by  agitation  appear  luminous,  yet  in 
a  few  hours  it  loft  that  virtue  ;  hence,  and  from  this,  that  I 
could  not  by  agitating  a  folution  of  fea  fait  in  water  pro¬ 
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duce  any  light,  I  firft  began  to  doubt  of  my  former  hypo- 
thefis,  and  to  fiifpedt  that  the  luminous  appearance  in  fea 
water  muft  be  owing  to  fome  other  principles. 

I  then  confidered  whether  it  were  not  poflible,  that  the 
particles  of  air,  being  eledlrics  per  fey  might,  in  hard  gales 
of  wind,  by  their  fridlion  againft  trees,  hills,  buildings, 
& c.  as  fo  many  minute  eledlric  globes,  rubbing  againft  non- 
eledlric  cufhions,  draw  the  eledlric  fire  from  the  earth;  and 
that  the  rifing  vapours  might  receive  that  fire  from  the 
air,  and  by  fuch  means  the  clouds  become  eledlrified. 

If  this  were  fo,  I  imagined  that  by  forcing  a  conftant 
violent  ftream  of  air  againft  my  prime  condudlor,  by  bel¬ 
lows,  I  fhould  eledlrify  it  negatively ;  the  rubbing  parti¬ 
cles  of  air,  drawing  from  it  part  of  its  natural  quantity  of 
the  eledlric  fluid.  I  accordingly  made  the  experiment, 
but  it  did  not  fucceed. 

In  September  1752,  I  eredled  an  iron  rod  to  draw  the 
lightning  down  into  my  houfe,  in  order  to  make  fome  ex¬ 
periments  on  it,  with  two  bells  to  give  notice  when  the 
rod  fhould  be  eledlrify’d  :  A  contrivance  obvious  to  every 
eledlrician. 

I  found  the  bells  rang  fometimes  when  there  was  no 
lightning  or  thunder,  but  only  a  dark  cloud  over  the  rod; 
that  fometimes  after  a  flafh  of  lightning  they  would  fud- 
denly  flop;  and  at  other  times,  when  they  had  not  rang 
before,  they  would,  after  a  flafh,  fuddenly  begin  to  ring ; 
that  the  eledlricity  was  fometimes  very  faint,  fo  that  when 
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a  fmall  fpark  was-  obtain’d,  another  could  not  be  got  for 
fometime  after  3  at  other  times  the  fparks  would  follow  ex¬ 
tremely  quick,  and  once  I  had  a  continual  ftream  from 
bell  to  bell,  the  fize  of  a  crow-quill :  Even  during  the 
fame  guft  there  were  confiderable  variations. 

In  the  winter  following  I  conceived  an  experiment,  to 
try  whether  the  clouds  were  eledtrify’d  pofitively^  or  nega¬ 
tively  ;  but  my  pointed  rod,  with  its  apparatus,  becoming 
out  of  order,  1  did  not  refit  it  till  towards  the  fpring,  when 
I  expedted  the  warm  weather  would  bring  on  more  fre¬ 
quent  thunder-clouds. 

The  experiment  was  this:  To  take  two  phials;  charge 
one  of  them  with  lightning  from  the  iron  rod,  and  give  the 
other  an  equal  charge  by  the  eledtric  glafs  globe,  thro’  the 
prime  condudlor :  When  charg’d,  to  place  them  on  a  table 
within  three  or  four  inches  of  each  other,  a  fmall  cork  ball 
being  fufpended  by  a  fine  filk  thread  from  the  ceiling,  fo  as 
it  might  play  between  the  wires.  If  both  bottles  then  were 
eledtrifyed  pojitively ,  the  ball  being  attradled  and  repell’d 
by  one,  muft  be  alfo  repell’d  by  the  other.  If  the  one 
positively ,  and  the  other  negatively  \  then  the  ball  would 
be  attradled  and  repell’d  alternately  by  each,  and  continue 
to  play  between  them  as  long  as  any  confiderable  charge 
remained. 

Being  very  intent  on  making  this  experiment,  it  was  no 
fmall  mortification  to  me,  that  I  happened  to  be  abroad 
during  two  of  the  greateft  thunder-ftorms  we  had  early  in 
the  fpring;  and  tho’  I  had  given  orders  in  my  family,  that 
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if  the  bells  rang  when  I  was  from  home,  they  fliould  catch 
fome  of  the  lightning  for  me  in  eledrical  phials,  and  they 
did  fo;  yet  it  was  moflly  diffipated  before  my  return  ;  and 
in  fome  of  the  other  gufts,  the  quantity  of  lightning  I  was 
able  to  obtain,  was  fo  fmall,  and  the  charge  fo  weak,  that 
I  could  not  fatisfy  myfelf :  Yet  I  fometimes  faw  what 
heighten’d  my  fulpicious  and  inflam’d  my  curiofity. 

At  laft,  on  the  12th  of  April  17^3,  there  being  a  fmart 
guft  of  fome  continuance,  I  charg’d  one  phial  pretty  well 
with  lightning,  and  the  other  equally,  as  near  as  I  could 
judge,  with  eledricity  from  my  glafs  globe ;  and  having 
plac’d  them  properly,  I  beheld,  with  great  furprize  and 
pleafure,  the  cork  ball  play  brifkly  between  them  ;  and 
was  convinc’d  that  one  bottle  was  eledrifed  negatively . 

I  repeated  this  experiment  feveral  times  during  the  guft, 
and  in  eight  fucceeding  gufts,  always  with  the  fame  fuc- 
cefs ;  and  being  of  opinion  (for  reafons  I  formerly  gave  in 
my  letter  to  Mr  Kinnerjley ,  fince  printed  in  London)  that 
the  glafs  globe  eledrifes  pofitivcly ;  I  concluded  that  the 
clouds  are  always  eledrifed  negatively ,  or  have  always  in 
them  lefs  than  their  natural  quantity  of  the  eledric  fluid. 

Yet  notwithftanding  lo  many  experiments,  it  feems  I 
concluded  too  loon ;  for  at  laft,  June  the  6th,  in  a  guft 
which  continued  from  five  o’clock,  P.  M.  to  7,  I  met 
with  one  cloud  that  was  eledrifed  pofttively,  tho’  feveral 
that  pafs’d  over  my  rod  before,  during  the  fame  guft,  were 
in  the  negative  ftate.  This  was  thus  difeovered: 


I  had 


Letters  on  Electricity.  u-r 

§ 

I  had  another  concurring  experiment,  which  I  often  re¬ 
peated,  to  prove  the  negative  ftate  of  the  clouds,  viz. 
While  the  bells  were  ringing,  I  took  the  phial  charg’d 
from  the  glafs  globe,  and  apply’d  its  wire  to  the  erecfed 
rod;  confidering,  that  if  the  clouds  were  eledfriled  pofitive- 

ly ,  the  rod,  which  received  its  electricity  from  them,  muff  be 
fo  too;  and  then  the  additional  pofitive  elediricity  of  the  phial 
would  make  the  bells  ring  fafter •  But,  if  the  clouds  were 
in  a  negative  ftate,  they  muft  exhauft  the  eledtric  fluid 
from  my  rod,  and  bring  that  into  the  fame  negative  ftate 
with  themfelves  ;  and  then  the  wire  of  a  pofitively  charg’d 
phial,  fupplying  the  rod  with  what  it  wanted  (which  it 
was  oblig’d  otherwife  to  draw  from  the  earth  by  means  of 
the  pendulous  brafs  ball  playing  between  the  two  bells) 
the  ringing  would  ceafe  till  the  bottle  was  difcharg’d. 

In  this  manner  I  quite  difcharged  into  the  rod  feveral 
phials  that  were  charged  from  the  glafs  globe,  the  eledtric 
fluid  ftreaming  from  the  wire  to  the  rod,  ’till  the  wire 
would  receive  no  fpark  from  the  finger;  and  during  this 
fupply  to  the  rod  from  the  phial,  the  bells  ftopt  ringing; 
but  by  continuing  the  application  of  the  phial  wire  to  the 
rod,  I  exhaufted  the  natural  quantity  from  the  infide  fur- 
face  of  the  fame  phials,  or,  as  I  call  it,  charg’d  them  ne^ 
gatively . 

At  length,  while  I  was  charging  a  phial  by  my  glafs 
globe,  to  repeat  this  experiment,  my  bells,  of  themfelves,, 
ftopt  ringing,  and,  after  fome  paufe,  began  to  ring  again.. 

* — But  now,  when  I  approached  the  wire  of  the  charg’d 
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phial  to  the  rod,  inftead  of  the  ufual  ftream  that  I  expee- 
tc-d-ftom  the  wire  to  the  rod,  there  was  no  fpark  ;  not  even 
when  I  brought  the  wire  and  the  rod  to  touch;  yet  the 
bells  continued  ringing  vigoroufly ;  which  prov’d  to  me, 
that  the  rod  was  then  pofitively  eledtrify’d,  as  well  as  the 
wire  of  the  phial,  and  equally  fo ;  and  confeauently,  that 
the  particular  cloud  then  over  the  rod,  was  in  the  fame 
poftive  ftate.  This  was  near  the  end  of  the  guft. 

But  this  was  a  fingle  experiment,  which  however  de- 
ftroys  my  firft  too  general  conclufton,  and  reduces  me  to 
this :  That  the  clouds  of  a  thunder-guft  are  moft  commonly  in 
a  negative  ftate  of  electricity,  but  fometimes  in  a  poftive 
fate. 

The  latter  I  believe  is  rare;  for  tho’  I  foon  after  the 
laft  experiment,  let  out  on  a  journey  to  Boflon ,  and  was 
from  home  moft  part  of  the  fummer,  which  prevented 
my  making  farther  trials  and  obfervations ;  yet  Mr  Kin- 
nerfley  returning  from  the  iflands  juft  as  I  left  home,  pur- 
fu’d  the  experiments  during  my  abfence,  and  informs  me 
that  he  always  found  the  clouds  in  the  negative  ftate. 

So  that,  for  the  moft  part,  in  thunder-ftrokes,  ’tis  the 
earth  that  frikes  into  the  clouds ,  and  not  the  clouds  thatfirike 

into  the  earth. 

Thole  who  are  vers’d  in  eledtric  experiments,  will  ealily 
conceive,  that  the  effedts  and  appearances  muft  be  nearly 
the  fame  in  either  cafe;  the  fame  explolion,  and  the  fame 
flafh  between  one  cloud  and  another,  and  between  the 

clouds 
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clouds  and  mountains,  &c.  the  fame  rending  of  trees,  walls, 
which  the  electric  fluid  meets  with  in  its  paffage,  and 
the  fame  fatal  (hock  to  animal  bodies ;  and  that  pointed 
rods  fix'd  on  buildings,  or  marts  of  fhips,  and  communicat¬ 
ing  with  the  earth  or  fea,  muft  be  of  the  fame  fervice  in 
reftoring  the  equilibrium  filently  between  the  earth  and 
clouds,  or  in  conducting  a  flafh  or  ftroke,  if  one  fhould  be, 
fo  as  to  fave  harmlefs  the  houfe  or  veflel:  For  points  have 
equal  power  to  throw  off,  as  to  draw  on  the  eleCtric  fire, 
and  rods  will  conduct  up  as  well  as  down. 

But  tho’  the  light  gain’d  from  thefe  experiments  makes 
no  altration  in  the  pradtice,  it  makes  a  confiderable  one  in 
the  theory.  And  now  we  as  much  need  an  hypothefis  to 
explain  by  what  means  the  clouds  become  negatively,  as 
before  to  fhew  how  they  became  pofitively  electrified. 

I  cannot  forbear  venturing  fome  few  conjectures  on  this 
occafion :  They  are  what  occur  to  me  at  prefent  •  and  tho' 
future  difcoveries  fhould  prove  them  not  wholly  right,  yet 
they  may  in  the  mean  time  be  of  fome  ufe,  by  ftirring  up 
the  curious  to  make  more  experiments,  and  occafion  more 
exaCt  difquifitions. 

I  conceive  then,  that  this  globe  of  earth  and  water, 
with  its  plants,  animals  and  buildings,  have,  diffus’d 
throughout  their  fubftance,  a  quantity  of  the  eleCtric  fluid, 
juft  as  much  as  they  can  contain,  which  I  call  the  natural 
quantity . 

That  this  natural  quantity  is  not  the  fame  in  all  kinds  of 
common  matter  under  the  fame  dimenfions,  nor  in  the 
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fame  kind  of  common  matter  in  all  circum (lances ;  but 
a  folid  foot,  for  indance,  of  one  kind  of  common  mat¬ 
ter,  may  contain  more  of  the  eledric  fluid  than  a  folid 
foot  of  fome  other  kind  of  common  matter;  and  a  pound 
weight  of  the  fame  kind  of  common  matter  may,  when 
in  a  rarer  date,  contain  more  of  the  eledric  duid  than  when 
in  a  denfer  date. 

For  the  eledric  duid,  being  attraded  by  any  portion  of 
common  matter,  the  parts  of  that  duid  (which  have  among 
themfelves  a  mutual  repulfion)  are  brought  fo  near  to  each 
other  by  the  attradion  of  the  common  matter  that  abforbs 
them,  as  that  their  repullion  is  equal  to  the  condenflng 
power  of  attradion  in  common  matter;  and  then  fuch 
portion  of  common  matter  will  abforb  no  more. 

Bodies  of  different  kinds  having  thus  attraded  and  ab- 
forb’d  what  I  call  their  natural  quantity ,  u  e.  jud:  as  much 
of  the  eledric  fluid  as  is  fuited  to  their  circumdances  of 
denfity,  rarity,  and  power  of  attrading,  do  not  then  diow 
any  fighs  of  eledricity  among  each  other. 

And  if  more  eledric  duid  be  added  to  one  of  thefe  bo¬ 
dies,  it  does  not  enter,  but  fpreads  on  the  furface,  forming 
an  atmofphere;  and  then  fuch  body  diows  dgns  of  elec¬ 
tricity. 

I  have  in  a  former  paper  compar’d  common  matter  to 
a  fponge,  and  the  eledric  duid  to  water  :  I  beg  leave  once 
more  to  make  ufe  of  the  fame  comparifon,  to  illudrate  far¬ 
ther  my  meaning  in  this  particular. 


When 


IH«amiuauv 


Letters  on  Electricity.  119 

When  a  fponge  is  fomewhat  condens'd  by  being  fqueez- 
ed  between  the  fingers,  it  will  not  receive  and  retain  fo  much 
water  as  when  in  its  more  loofe  and  open  ftate. 

If  more  fqueez'd  and  condens'd,  fome  of  the  water  will 
come  out  of  its  inner  parts,  and  flow  on  the  furface. 

If  the  prelTure  of  the  fingers  be  intirely  removed,  the 
fponge  will  not  only  refume  what  was  lately  forced  out, 

but  attract  an  additional  quantity. 

As  the  fponge  in  its  rarer  ftate  will  naturally  attract  and 
abforb  more  water,  and  in  its  denfer  ftate  will  naturally  at¬ 
tract  and  abforb  lefs  water;  we  may  call  the  quantity  it  at¬ 
tracts  and  abforbs  in  either  ftate,  its  natural  quantity ,  the 
ftate  being  confidered. 

Now  what  the  fponge  is  to  water,  the  fame  is  water  to 
the  electric  fluid. 

When  a  portion  of  water  is  in  its  common  denfe  ftate, 
it  can  hold  no  more  electric  fluid  than  it  has ;  if  any  be 
added,  it  fpreads  on  the  furface. 

When  the  fame  portion  of  water  is  rarify’d  into  vapour, 
and  forms  a  cloud,  it  is  then  capable  of  receiving  and  ab- 
forbing  a  much  greater  quantity ;  there  is  room  for  each 
particle  to  have  an  electric  atmofphere. 

Thus  water,  in  its  rarify’d  ftate,  or  in  the  form  of  a 
cloud,  will  be  in  a  negative  ftate  of  electricity ;  it  will  have 
lefs  than  its  natural  quantity,  that  is,  lefs  than  it  is  natu¬ 
rally  capable  of  attracting  and  abforbing  in  that  ftate. 

Such  a  cloud,  then,  coming  fo  near  the  earth  as  to  be 

within  the  ftriking  diftance,  will  receive  from  the  earth  a 
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flafh  of  the  eledlric  fluid;  which  flafh,  to  fupply  a  great 

extent  of  cloud,  muft  fometimes  contain  a  very  great  quan¬ 
tity  of  that  fluid. 

Or  fuch  a  cloud,  pafling  over  woods  of  tall  trees,  may 
from  the  points  and  fharp  edges  of  their  moifl:  top  leaves, 
receive  filently  fome  fupply. 

A  cloud  being  by  any  means  fupply’d  from  the  earth, 
may  ftrike  into  other  clouds  that  have  not  been  fupply’d,  or 
not  fo  much  fupply’d;  and  thofe  to  others,  till  an  equi¬ 
librium  is  produc’d  among  all  the  clouds  that  are  within 
finking  diftance  of  each  other. 

The  cloud  thus  fupply’d,  having  parted  with  much  of 
what  it  firft  receiv’d,  may  require  and  receive  a  frefh  fup¬ 
ply  from  the  earth,  or  from  fome  other  cloud,  which  by 
the  wind  is  brought  into  fuch  a  fituation  as  to  receive  it 
more  'readily  from  the  earth. 

Hence  repeated,  and  continual  flrokes  and  flafhes  till 
the  clouds  have  all  got  nearly  their  natural  quantity  as 
clouds;  or  till  they  have  defeended  in  fhowers,  and  are 
united  again  with  this  terraqueous  globe,  their  original. 

Thus  thunder-clouds  are  generally  in  a  negative  flate  of 
eledlricity  compar’d  with  the  earth,  agreeable  to  moft  of 
our  experiments;  yet  as  by  one  experiment  we  found  a 
cloud  eledtris’d  pofitively;  I  conjedture  that,  in  that  cafe, 
fuch  cloud,  after  having  received  what  was,  in  its  rare 
flate,  only  its  natural  quantity ,  became  comprefs’d  by  the 
driving  winds,  or  fome  other  means,  fo  that  part  of  what 
it  had  abforb’d  was  forc’d  out,  and  form’d  an  eledlric  at- 

mofphere 
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mofphere  around  it  in  its  denier  date.  Hence  it  was  ca¬ 
pable  of  communicating  pofitive  eledtricity  to  my  rod. 

To  (how  that  a  body  in  different  circumftances  of  di¬ 
latation  and  contraction  is  capable  of  receiving  and  re¬ 
taining  more  or  lefs  of  the  eledtric  fluid  on  its  furface,  I 
would  relate  the  following  experiment.  I  placed  a  clean 
wine  glafs  on  the  floor,  and  on  it  a  fmall  filver  can.  In 
the  can  I  put  about  three  yards  of  brafs  chain  ;  to  one 
end  of  which  I  fattened  a  filk  thread,  which  went  right 
up  to  the  cieling,  where  it  palled  over  a  pulley,  and  came 
down  again  to  my  hand,  that  I  might  at  pleafure  draw 
the  chain  up  out  of  the  can,  extending  it  till  within  a 
foot  of  the  cieling,  and  let  it  gradually  fink  into  the  can 

again. - From  the  cieling,  by  another  thread  of  fine 

raw  filk,  I  fufpended  a  fmall  light  lock  of  cotton,  fo  as 
that  when  it  hung  perpendicularly,  it  came  in  contadt 

with  the  fide  of  the  can. - ’Then  approaching  the  wire 

of  a  charged  vial  to  the  can,  I  gave  it  a  fpark,  which 
flow’d  round  it  in  an  eledtric  atmofphere  ;  and  the  lock 
of  cotton  was  repelled  from  the  fide  of  the  can  to  the 
difiance  of  about  nine  or  ten  inches.  The  can  would 
not  then  receive  another  fpark  from  the  wire  of  the  vial  j 
but  as  I  gradually  drew  up  the  chain,  the  atmofphere  of 
the  can  diminilh’d  by  flowing  over  the  riling  chain,  and 
the  lock  of  cotton  accordingly  drew  nearer  and  nearer  to 
the  can ;  and  then,  if  I  again  brought  the  vial  wire  near 
the  can,  it  wonld  receive  another  lpark,  and  the  cotton 
fly  off  again  to  its  firft  diftance  ;  and  thus,  as  the  chain 
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was  drawn  higher,  the  can  would  receive  more  fparks ; 
becaufe  the  can  and  extended  chain  were  capable  of  fup- 
porting  a  greater  atmofphere  than  the  can  with  the  chain 

gather’d  up  into  its  belly, - And  that  the  atmofphere 

round  the  can  was  diminifhed  by  raifing  the  chain,  and 
increafed  again  by  lowering  it,  is  not  only  agreeable  to 
reafon,  fince  the  atmofphere  of  the  chain  muft  be  drawn 
from  that  of  the  can,  when  it  rofe,  and  returned  to  it 
again  when  it  fell ;  but  was  alfo  evident  to  the  eye,  the 
lock  of  cotton  always  approaching  the  can  when  the 
chain  was  drawn  up,  and  receding  when  it  was  let  down 
again. 

Thus  we  fee  that  increafe  of  furface  makes  a  body  ca¬ 
pable  of  receiving  a  greater  ele&ric  atmofphere  :  But 
this  experiment  does  not,  I  own,  fully  demonftrate  my 
new  hypathefis ;  for  the  brafs  and  filver  ftill  continue  in 
their  l'olid  ftate,  and  are  not  rarified  into  vapour,  as  the 
water  is  in  clouds.  Perhaps  fome  future  experiments  on 
vapourized  water  may  fet  this  matter  in  a  clearer  light. 

One  feemingly  material  obje&ion  arifes  to  the  new  hy- 
pothefis,  and  it  is  this.  If  water,  in  its  rarified  ftate,  as 
a  cloud,  requires,  and  will  abforb  more  of  the  electric 
fluid  than  when  in  its  denfe  rtate  as  water,  why  does  it 
not  acquire  from  the  earth  all  it  wants  at  the  inflant  of  its 
leaving  the  furface,  while  it  is  yet  near,  and  but  juft  ri¬ 
ling  in  vapour?  To  this  difficulty  I  own  I  cannot  at pre- 
fent  give  a  folution  fatisfadtory  to  myfelf:  I  thought, 

how- 
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however,  that  I  ought  to  ftate  it  in  its  full  force,  as  I 
have  done,  and  fubmit  the  whole  to  examination. 

And  I  would  beg  leave  to  recommend  it  to  the  curious 
in  this  branch  of  natural  philofophy,  to  repeat  with  care 
and  accurate  obfervation,  the  experiments  I  have  report¬ 
ed  in  this  and  former  papers  relating  to pojitive  and  negative 
electricity,  with  fuch  other  relative  ones  as  fhall  occur  to 
to  them,  that  it  may  be  certainly  known  whether  the  e- 
le&ricity  communicated  by  a  glafs  globe,  be  really  pofitive . 
And  alfo  I  would  requefl  all  who  may  have  an  opportuni¬ 
ty  of  obferving  the  recent  effects  of  lightning  on  buildings, 
trees,  &c.  that  they  would  confider  them  particular!/ 
with  a  view  to  difcover  the  direction.  But  in  thefe  ex¬ 
aminations,  this  one  thing  is  always  to  be  underftood,  viz. 
that  a  ftream  of  the  eleCtric  fluid  pafling  thro'  wood,  brick, 
metal, &c.  while  fuch  fluid  paffes  in  fmall  quantity ,  the  mu¬ 
tually  repulfive  power  of  its  parts  is  confined  and  overcome 
by  the  cohefion  of  the  parts  of  the  body  it  palfes  through, 
fo  as  to  prevent  an  explofion  5  but  when  the  fluid  comes 
in  a  quantity  too  great  to  be  confin’d  by  fuch  cohefion,  it 
explodes,  and  rends  or  fufes  the  body  that  endeavour’d  to 
confine  it.  If  it  be  wood,  brick,  Hone,  or  the  like,  the 
fplinters  will  flie  off  on  that  fide  where  there  is  leaft  re¬ 
finance.  And  thus,  when  a  whole  is  ftruck  thro’  pafte-board 
by  the  eleCtrify’d  jar,  if  the  furfaces  of  the  pafte-board 
are  not  confin’d  or  comprefs’d,  there  will  be  a  bur  rais’d 
all  round  the  hole  on  both  fides  the  pafteboard ;  but  if  one 
fide  be  confin’d,  fo  that  the  bur  cannot  be  rais’d  on  that 

fide, 
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fide,  it  will  be  all  rais’d  on  the  other,  which  way  foever  the 
fluid  was  directed.  For  the  bur  round  the  outfide  of  the 
hole,  is  the  effect  of  the  explofion  every  way  from  the 
center  of  the  flream,  and  not  an  effect  of  the  direction. 

In  every  ftroke  of  lightning,  I  atn  of  opinion  that  the. 
flream  of  the  electric  fluid,  moving  to  reflore  the  equilibri¬ 
um  between  the  cloud  and  the  earth,  does  always  previ- 
oufly  find  its  paflage,  and  mark  out,  as  I  may  fay,  its  own 
courfe,  taking  in  its  way  ail  the  conductors  it  can  find;  fuch 
as  metals,  damp  walls,  moift  wood,  &c .  and  will  go  confi- 
derably  out  of  a  direct  courfe,  for  the  fake  of  the  afliflance 
of  good  condudtors  ;  and  that,  in  this  courfe,  it  is  actually 
moving,  tho’  filently  and  imperceptibly,  before  the  explo¬ 
fion,  in  and  among  the  condudtors;. which  explofion  hap¬ 
pens  only  when  the  condudtors  cannot  difcharge  it  as  faft 
as  they  receive  it,  by  reafon  of  their  being  incompleat,  dis¬ 
united,  too  fmall,  or  not  of  the  beft  materials  for  conduct¬ 
ing.  Metalline  rods,  therefore,  of  fufficient  thicknefs,  and 
extending  from  the  higheft  part  of  an  edifice  to  the  ground, 
being  of-  the  beft  materials  and  compleat  condudtors,  will, 

I  think,  fecure  the  building  from  damage ;  either  by  reftor- 
ing  the  equilibrium  fo  faft  as  to  prevent  a  ftroke,  or  by  con¬ 
ducting  it  in  the  fubftance  of  the  rod  as  far  as  the  rod  goes, 
fo  that  there  flu  all  be  no  explofion  but  what  is  above  its 
point,  between  that  and  the  clouds. 

If  it  be  a  Ik’d,  what  thicknefs  of  a  metalline  rod  may  be 
fuppos’d  fufficient  ?  In  anfwer,  I  would  remark,  that  five 
large  glals  jars,  fuch  as  I  have  defcribed  in  my  former  pa- 

pers. 
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think  a  vaft  quantity  would  be  conduced  in  a  fhort  time, 
either  to  or  from  a  cloud,  to  reftore  its  equilibrium  with 
the  earth,  by  means  of  a  very  fmall  wire  ;  and  therefore 
thick  rods  fhould  feem  not  fo  neceffary. — However,  as  the 
quantity  of  lightning  difcharg’d  in  one  ftroke  cannot  well 
be  meafured,  and,  in  different  ftrokes,  is  certainly  very  va¬ 
rious,  in  fome  much  greater  than  others ;  and  as  iron  (the 
beft  metal  for  the  purpofe,  being  leaft  apt  to  fufe)  is  cheap, 
it  may  be  well  enough  to  provide  a  larger  canal  to  guide 
that  impetuous  blaft,  than  we  imagine  neceffary :  For, 
though  one  middling  wire  may  be  fufficient,  two  or  three 
can  do  no  harm.  And  time,  with  careful  obfervations 
well  compar’d,  will  at  length  point  out  the  proper  fize  to 
greater  certainty. 

Pointed  rods  ereCted  on  edifices  may  likewife  often  pre¬ 
vent  a  ftroke,  in  the  following  manner.  An  eye  fo  fitu- 
ated  as  to  view  horizontally  the  under  fide  of  a  thunder 
cloud,  will  fee  it  very  ragged,  with  a  number  of  feparate 
fragments,  or  petty  clouds,  one  under  another,  the  loweft 
fometimes  not  far  from  the  earth.  Thefe,  as  fo  many 
ftepping- (tones,  afiift  in  conducting  a  ftroke  between  the 
cloud  and  a  building.  To  reprefent  thefe  by  an  experi¬ 
ment,  take  two  or  three  locks  of  fine  loofe  cotton,  con¬ 
ned:  one  of  them  with  the  prime  conductor  by  a  fine 
thread  of  two  inches,  (which  may  be  fpun  out  of  the 
fame  lock  by  the  fingers)  another  to  that,  and  the  third 
to  the  fecond,  by  like  threads. — 'Turn  the  globe,  and  you 

will 
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will  fee  thefe  locks  extend  themfelves  towards  the  table, 
(as  the  lower  fmall  clouds  do  towards  the  earth)  being  at¬ 
tracted  by  it:  But  on  prefenting  a  fharp  point  erect  under 
the  loweft,  it  will  fhrink  up  to  the  fecond,  the  fecond  to 
the  firft,  and  all  together  to  the  prime  conductor,  where 
they  will  continue  as  long  as  the  point  continues  under 
them.  May  not,  in  like  manner,  the  fmall  electrifed 
clouds,  whofe  equilibrium  with  the  earth  is  foon  reftor’d 
by  the  point,  rife  up  to  the  main  body,  and  by  that  means 
occafion  fo  large  a  vacancy,  as  that  the  grand  cloud  cannot 
trike  in  that  place  ? 

Thefe  thoughts,  my  dear  friend,  are  many  of  them 
crude  and  hafty;  and  if  I  were  merely  ambitious  of  acquir¬ 
ing  fome  reputation  in  philofophy,  I  ought  to  keep  them 
by  me,  till  corrected  and  improved  by  time  and  farther 
experience.  But  fince  even  fhort  hints,  and  imperfect  ex¬ 
periments  in  any  new  branch  of  fcience,  being  communi¬ 
cated,  have  oftentimes  a  good  effect,  in  exciting  the  atten¬ 
tion  of  the  ingenious  to  the  fubject,  and  fo  become  the 
occafion  of  more  exact  difquilitions,  and  more  compleat 
difcoveries.  You  are  at  liberty  to  communicate  this  paper 
to  whom  you  pleafe^  it  being  of  more  importance  that 
knowledge  fhould  increafe,  than  that  your  friend  fhould 
be  thought  an  accurate  philofopher. 
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LETTER  XIII. 


FROM 

Benjamin  Franklin,  Efq\  at  Philadelphia. 

T  O 

Peter  Collinson,  Efq\  F.  R.  S.  at  London. 


SIR, 


April  1 8,  1754. 


SINCE  September  laft,  having  been  abroad  on  two 
long  journeys,  and  otherwife  much  engag’d,  I  have 
made  but  few  obfervations  on  the  pojitive  and  negative 
Hate  of  eleClricity  in  the  clouds.  But  Mr  Kinnerjley  kept 
his  rod  and  bells  in  good  order,  and  has  made  many. 

Once  this  winter  the  bells  rang  a  long  time,  during  a 
fall  of  fnow,  tho’  no  thunder  was  heard  or  lightning  feen. 
Sometimes  the  flafhes  and  cracks  of  the  ele&ric  matter  be¬ 
tween  bell  and  bell  were  fo  large  and  loud,  as  to  be  heard 
all  over  the  houfe :  but  by  all  his  obfervations,  the 
clouds  were  conftantly  in  a  negative  ftate,  till  about  fix 
weeks  ago,  when  he  found  them  once  to  change  in  a  few 
minutes  from  the  negative  to  the  pofitive.  About  a  fort¬ 
night 


HE 
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night  after  that  he  made  another  obfervation  of  the  fame 
kind  ;  and  laft  Monday  afternoon,  the  wind  blowing  hard 
at  S.  E.  and  veering  round  to  N.  E.  with  many  thick  driv¬ 
ing  clouds,  there  were  five  or  fix  fucceflive  chang  es  from 
negative  to  pofitive,  and  from  pofitive  to  negative,  the 
bells  flopping  a  minute  or  two  between  every  change. 
Befides  the  methods  mentioned  in  my  paper  of  September 
laft,  of  difcovering  the  eledtrical  ftate  of  the  clouds,  the  fol¬ 
lowing  may  be  us’d.  When  your  bells  are  ringing,  pafs  a 
rubb’d  tube  by  the  edge  of  the  bell,  connedted  with  your 
pointed  rod:  if  the  cloud  is  then  in  a  negative  ftate,  the 
ringing  will  flop;  if  in  a  pofitive  ftate,  it  will  continue, 
and  perhaps  be  quicker.  Or,  fufpend  a  very  fmall  cork- 
ball  by  a  fine  filk  thread,  fo  that  it  may  hang  clofe  to  the 
edge  of  the  rod-bell :  then  whenever  the  bell  is  eledlrified, 
whether  pofitively  or  negatively,  the  little  ball  will  be  re- 
pell’d,  and  continue  at  fome  diftance  from  the  bell.  Have 
ready  a  round-headed  glafs  ftopper  of  a  decanter,  rub  it 
on  your  fide  ’till  it  is  eledlrified,  then  prefent  it  to  the 
cork-ball.  If  the  eledlricity  in  the  ball  is  pofitive,  it  will 
be  repell’d  from  the  glafs  ftopper  as  well  as  from  the  bell. 
If  negative,  it  will  fly  to  the  ftopper. 


S  2 
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REMARKS 

On  the  Abbe  NOLLET’s 

Letters  on  Electricity. 

T  O 

Benj.  F  r  ankl  i  n,  Efq\  of  Philadelphia. 

B  Y 

Mr  David  Golden,  of  New-York , 

S  1  R ,  Coldenham ,  in  N.  York ,  4,  1753. 

IN  confidering  the  Abbe  Nolle? $  letters  to  Mr  Frank - 
lin,  I  am  obliged  to  pafs  by  all  the  experiments  which 
are  made  with,  or  in,  bottles  hermetically  fealed,  or 
exhaufted  of  air ;  becaufe,  not  being  able  to  repeat  the 
experiments,  I  could  not  fecond  any  thing,  which  occurs 
to  me  thereon,  by  experimental  proof.  Wherefore,  the 
firft  point  wherein  I  can  dare  to  give  my  opinion,  is  in 
the  Abbe’s  4th  letter,  p.  66,  where  he  undertakes  to  prove, 
that  the  eledtric  matter  paffes  from  one  furface  to  another 
through  the  intire  thicknefs  of  the  glafs  :  He  takes  Mr 
Franklin's  experiment  of  the  magical  pidture,  and  writes 
thus  of  it.  cc  When  you  eledtrife  a  pane  of  glafs  coated 


on 
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cc  on  both  tides  with  metal,  it  is  evident  that  whatever  is 
ci  placed  on  the  fide  oppofite  to  that  which  receives  the 
iC  electricity  from  the  conductor,  receives  alfo  an  evident 
“  eledtrical  virtue/’  Which  Mr  Franklin  fays,  is  that  e- 
qual  quantity  of  eledtric  matter,  driven  out  of  this  fide, 
by  what  is  received  from  the  conductor  on  the  other  fide ; 
and  which  will  continue  to  give  an  eledtrical  virtue,  to 
any  thing  in  contadt  with  it,  till  it  is  entirely  difcharged 
of  its  eledtrical  fire.  To  which  the  Abbe  thus  objedts : 
cc  Tell  me,  fays  he,  I  pray  you,  how  much  time  is  ne- 
“  ceffary  for  this  pretended  difcharge  ?  I  can  affure  you, 

“  that  after  having  maintain’d  the  eledtrifation  for  hours, 
cc  this  furface,  which  ought,  as  it  feems  to  me,  to  be  en- 
tirely  difcharged  of  its  eledtrical  matter,  confidering  ei- 
cc  ther  the  vaft  number  of  fparks  that  were  drawn  from  it, 
or  the  time  that  this  matter  had  been  expofed  to  the  adtion 
cc  of  the  expulfive  caufe  $  this  furface,  I  fay,  appeared  ra- 
“  ther  better  eledirifed  thereby,  and  more  proper  to  pro- 
u  duce  all  the  effedts  of  an  adtual  eledtric  body.”  p .  68. 

The  Abbe  does  not  tell  us  what  thofe  effedts  were :  all 
the  effedts  I  could  never  obferve,~and  thofe  that  are  to 
be  obferved  can  eafily  be  accounted  for,  by  fuppofing  that 
fide  to  be  entirely  deftitute  of  eledtric  matter.  The  moft 
fenfible  effedt  of  a  body  charged  with  eledtricity  is,  that 
when  you  prefent  your  finger  to  it,  a  fpark  will  iffue  from 
it  to  your  finger :  Now  when  a  phial,  prepared  for  the 
Leyden  experiment,  is  hung  to  the  gun-barrel  or  prime- 

con- 
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conductor,  and  you  turn  the  globe  in  order  to  charge  it  $ 
as  foon  as  the  eledtric  matter  is  excited,  you  can  obferve  a 
fpark  to  ififue  from  the  external  furface  of  the  phial  to 
your  finger ;  which,  Mr  Franklin  fays,  is  the  natural  eledtric 
matter  of  the  glals  driven  out  by  that  received  by  the  in¬ 
ner  furface  from  the  conductor.  If  it  be  only  drawn  out 
by  (parks,  a  vaft  number  of  them  may  be  drawn 5  but  if 
you  take  hold  of  the  external  furface  with  your  hand,  the- 
phial  will  foon  receive  all  the  eledtric  matter  it  is  capable  of, 
and  the  outfide  will  then  be  entirely  deftitute  of  its  eledtric 
matter,  and  no  fpark  can  be  drawn  from  it  by  the  finger : 

here  then  is  a  want  of  that  effedt’  which  all  bodies,  charged 
with  eledtricity,  have.  Some  of  the  effedts  of  an  eledtric 
body,  which  I  fuppofe  the  Abbe  has  obferved  in  the  ex¬ 
terior  furface  of  a  charged  phial,  are  that  all  light  bodies 
are  attradted  by  it.  This  is  an  effedt  which  I  have  con- 
ftantly  obferved,  but  do  not  think  that  it  proceeds  from 
an  attradtive  quality  in  the  exterior  furface  of  the  phial, 
but  in  thofe  light  bodies  themfelves,  which  feem  to  be  at¬ 
tradted  by  the  phial.  It  is  a  conftant  obfervation,  that 
when  one  body  has  a  greater  charge  of  eledtric  matter  in 
it  than  another  (that  is  in  proportion  to  the  quantity  they 
will  hold)  this  body  will  attradt  that  which  has  lels :  Now, 
T  fuppofe,  and  it  is  a  part  of  Mr  Franklin's  fyftem,  that 
all  thofe  light  bodies  which  appear  to  be  attradted,  have 
more  eledtric  matter  in  them  than  the  external  furface  of 
the  phial  has,  wherefore  they  endeavour  to  attradt  the 

phial 
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phial  to  them,  which  is  too  heavy  to  be  moved  by  the 
fmall  degree  of  force  they  exert,  and  yet  being  greater 
than  their  own  weight,  moves  them  to  the  phial.  The 
following  experiment  will  help  the  imagination  in  con¬ 
ceiving  this.  Sufpend  a  cork  ball,  or  a  feather  by  a  filk 
thread  and  eleCtrife  it,  then  bring  this  ball  nigh  to  any 
fixed  body,  and  it  will  appear  to  be  attracted  by  that  bo¬ 
dy,  for  it  will  fly  to  it :  Now,  by  the  content  of  electri¬ 
cians,  the  attractive  caufe  is  in  the  ball  itfelf,  and  not 
in  the  fixed  body  to  which  it  flies :  This  is  a  fimilar  cafe 
with  the  apparent  attraction  of  light  bodies,  to  the  external 
furface  of  a  charged  phial. 

The  Abbe  fays,  p.  69.  “  that  he  can  eleCtrife  a  hundred 
men,  Handing  on  wax,  if  they  hold  hands,  and  if  one  of 
them  touch  one  of  thefe  furfaces  (the  exterior)  with  the 
end  of  his  finger”  :  This  1  know  he  can,  while  the  phial  is 
charging,  but  alter  the  phial  is  charged  I  am  as  certain  he 
cannot:  That  is,  hang  a  phial,  prepared  for  the  Leyden 
experiment,  to  the  conductor,  and  let  a  man,  Handing  on 
the  floor, touch  the  coating  with  his  finger,  while  the  globe 
is  turn’d,  till  the  eleCtric  matter  fpews  out  of  the  hook  of 
the  phial,  or  fome  part  of  the  conductor,  which  I  take  to 
be  the  certaineft  fign  that  the  phial  has  received  all  the  e- 
leCtric  matter  it  can :  after  this  appears,  let  the  man,  who 
before  flood  on  the  floor,  ftep  on  a  cake  of  wax,  where 
he  may  Hand  for  hours,  and  the  globe  all  that  time  turn¬ 
ed,  and  yet  have  no  appearance  of  being  eleCtrifed.  Af- 
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ter  the  eledlric  matter  was  fpewed  out  as  above  from  the 
hook  of  a  phial,  prepared  for  the  Leyden  experiment,  I 
hung  another  phial,  in  like  manner  prepared,  to  a  hook  fix¬ 
ed  in  the  coating  of  the  firft,  and  held  this  other  phial  in 
my  hand-  now  if  there  was  any  eleftric  matter  tranfmit- 
ted  thro’  the  glafs  of  the  firft  phial,  the  fecond  one  would 
certainly  receive  and  collect  it;  but  having  kept  the  phials 
in  this  fituation  for  a  confiderable  time,  during  which  the 
globe  was  continually  turned,  I  could  not  perceive  that  the 
fecond  phial  was  in  the  leaft  charged,  for  when  I  touch¬ 
ed  the  hook  with  my  finger,  as  in  the  Leyden  experiment, 
I  did  not  feel  the  leaft  commotion,  nor  perceive  any  fpark 
to  iffue  from  the  hook. 

I  likewife  made  the  following  experiment.  Having 
charged  two  phials  (prepared  for  the  Leyden  experiment) 
through  their  hooks;  two  perfons  took  each  one  of  thefe 
phials  in  their  hand,  one  held  his  phial  by  the  coating,  the 
other  by  the  hook,  which  he  could  do  by  removing  the  com¬ 
munication  from  the  bottom  before  he  took  hold  of  the  hook. 
Thefe  perfons  placed  themfelves,  one  on  each  fide  of  me, 
while  I  flood  on  a  cake  of  wax,  and  took  hold  of  the  hook 
of  that  phial  which  was  held  by  its  coating  (upon  which 
a  fpark  ifiued^  but  the  phial  was  not  difcharged,  as  I  flood 
on  wax)  keeping  hold  of  the  hook,  I  touched  the  coat¬ 
ing  of  the  phial  that  was  held  by  its  hook  with  my  other 
hand ;  upon  which  there  was  a  large  fpark  to  be  feen  be¬ 
tween  my  finger  and  the  coating,  and  both  phials  were 

inflantly 
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inftantly  difcharged.  If  the  Abbe’s  opinion  be  right,  that 
the  exterior  furface,  communicating  with  the  coating,  is 
charged,  as  well  as  the  interior,  communicating  with  the 
hook ;  how  can  I,  who  ftand  on  wax,  diicharge  both  thefe 
phials,  when  it  is  well  known  I  could  not  difcharge 
one  of  them  fingly  ?  N  ay,  fuppofe  I  have  drawn  the  elec¬ 
tric  matter  from  both  of  them,  what  becomes  of  it  ?  For 
I  appear  to  have  no  additional  quantity  in  me  when  the  ex¬ 
periment  is  over, and  I  have  not  ftirr’d  off  the  wax :  Where¬ 
fore  this  experiment  fully  convinces  me,  that  the  exterior 
furface  is  not  charged ;  and  not  only  fo,  but  that  it  wants 

as  much  electric  matter  as  the  inner  has  of  excefs:  For  bv 
this  fuppolition,  which  is  a  part  of  Mr  Franklin's  fyftem, 
the  above  experiment  is  eafxly  accounted  for,  as  follows : 


M  hen  I  ftand  on  wax,  my  body  is  not  capable  of  receiving 
all  the  eledhic  matter  from  the  hook  of  one  phial,  which 
it  is  ready  to  give;  neither  can  it  give  as  much  to  the  coating 
oi-  the  other  phial  as  it  is  ready  to  take,  when  one  is  only 
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applied  to  me :  Bat  when  both  are  applied,  the  coating 
takes  from  one  what  the  hook  gives:  Thus  I  receive  the 
fire  from  the  firft  phial  at  B,  the  exterior  furface  of  which 
is  fupplied  from  the  hand  at  A:  I  give  the  fire  to  the  fe- 
cond  phial  at  C,  whole  interior  furface  is  difcharged  by 
the  hand  at  D.  This  difcharge  at  D  may  be  made  evident 
by  receiving  that  fire  into  the  hook  of  a  third  phial,  which 
is  done  thus :  In  place  of  taking  the  hook  of  the  fecond 
phial  in  your  hand,  run  the  wire  of  a  third  phial,  prepared 
as  for  the  Leyden  experiment,  through  it,  and  hold  this  third 
phial  in  your  hand,  the  fecond  one  hanging  to  it,  by  the 
ends  of  the  hooks  run  through  each  other:  When  the  ex¬ 
periment  is  performed,  this  third  phial  receives  the  fire  at 
D,  and  will  be  charged.  When  this  experiment  is  confi- 
dered,  I  think,  it  muft  fully  prove  that  the  exterior  furface 
of  a  charged  phial  wants  eledtric  matter,  while  the  inner 
furface  has  q. n  excefs  of  it.  One  thing  more,  worthy  of 
notice  in  this  experiment  is,  that  I  feel  no  commotion  or 
fhock  in  my  arms,  tho*  fo  great  a  quantity  of  eleftric  mat¬ 
ter  paffes  through  them  inflantaneoufly :  I  only  feel  a  prick¬ 
ling  in  the  ends  of  my  fingers.  This  makes  me  think  the 
Abbe  has  miftook,  when  he  lays,  that  there  is  no  difference 
between  the  fhock  felt  in  performing  the  Leyden  experi¬ 
ment,  and  the  prickling  felt  on  drawing  fimple  fparks,  ex¬ 
cept  that  of  greater  to  lefs.  In  the  laft  experiment,  as  much 
eledtric  matter  went  through  my  arms,  as  would  have  given 
me  a  very  fenfible  fhock,  had  there  been  an  immediate  com¬ 
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niunication,  by  my  arms,  from  the  hook  to  the  coating  of 
the  fame  phial ;  becaufe  when  it  was  taken  into  a  third 
phial,  and  that  phial  difchargcd  fingly  thro'  my  arms,  it 
gave  me  a  fenfible  fhock.  If  thefe  experiments  prove  that 
the  eledric  matter  does  not  pafs  through  the  intire  thick- 
nefs  of  the  glafs ;  it  is  a  neceffary  confequence  that  it  mull 
always  come  out  where  it  enter’d. 

The  next  thing  I  meet  with,  is  in  the  Abbe’s  fifth  letter 
p.  88,  where  he  differs  from  Mr  Franklin ,  who  thinks 
that  the  whole  power  of  giving  a  fhock  is  in  the  glafs  it- 
felf,  and  not  in  the  non-eledrics’  in  contact  with  it.  The 
experiments  which  Mr  Franklin  gave  to  prove  this  opini¬ 
on  in  his  Experiments  and  Obfervations  on  EleSlricity , 
Letter  III.  p.  24.  convinced  me  that  he  was  in  the  right; 
and  what  the  Abbe  has  afferted  in  contradidion  thereto, 
has  not  made  me  think  otherwife.  The  Abbe  perceiving, 
as  I  fuppofe,  that  the  experiments,  as  Mr  Franklin  had 
perform’d  them,  muft  prove  his  affertion;  alters  them 
without  giving  any  reafon  for  it,  and  makes  them  in  a 
manner  that  proves  nothing.  Why  will  he  have  the  phial, 
into  which  the  water  is  to  be  decanted  from  a  charged 
phial,  held  in  a  man’s  hand?  If  the  power  of  giving  a 
fhock  is  in  the  water  contain’d  in  the  phial,  it  fhould  re¬ 
main  there  tho’  decanted  into  another  phial,  fince  no  non- 
eledric  body  touch’d  it  to  take  that  power  off.  The  phial 
being  placed  on  wax  is  no  objedion,  for  it  cannot  take  the 
power  from  the  water,  if  it  had  any,  but  it  is  a  neceffary 

T  2  means 
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means  to  try  the  faCt;  whereas,  that  phial’s  being  charged 
when  held  in  a  man’s  hand,  only  proves  that  water  will 
conduCt  the  eleCtric  matter.  The  Abbe  owns,  p .  94.  that 
he  had  heard  this  remarked,  but  fays,  Why  is  not  a  con¬ 
ductor  of  electricity  an  eledtric  fubjeCt?  This  is  not  the 
queftion  ;  Mr  Franklin  never  faid  that  water  was  not  an  e- 
ledtric  fubjedt;  he  faid,  that  the  power  of  giving  a  (hock 
was  in  the  glafs,  and  not  in  the  water ;  and  this,  his  expe¬ 
riments,  fully  prove;  fo  fully,  that  it  may  appear  imper¬ 
tinent  to  offer  any  more :  Yet  as  I  do  not  know  that  the 
following  has  been  taken  notice  of  by  any  body  before, 
my  inferring  of  it  in  this  place  may  be  excufed.  It  is  this : 
Hang  a  phial,  prepared  for  the  Leyden  experiment, 
to  the  condudlor,  by  its  hook,  and  charge  it,  which 
done,  remove  the  communication  from  the  bottom  of 
the  phial.  Now  the  conductor  fhews  evident  figns  of  be¬ 
ing  eledtrifed;  for  if  a  thread  be  tied  round  it,  and  its  ends 
left  about  two  inches  long,  they  will  extend  themfelves 
out  like  a  pair  of  horns ;  but  if  you  touch  the  con¬ 
ductor,  a  fpark  will  iiTue  from  it,  and  the  threads  will  fall, 
nor  does  the  conductor  fhew  the  leaft  fign  of  being  elec- 
trifed  after  this  is  done.  I  think  that  by  this  touch,  I 
have  taken  out  all  the  charge  of  eleCtric  matter  that  was 
in  the  conductor,  the  hook  of  the  phial,  and  water  or  fi¬ 
lings  of  iron  contain’d  in  it ;  which  is  no  more  than  we 
fee  all  non-eleCtric  bodies  will  receive ;  yet  the  glafs  of  the 
phial  retains  its  power  of  giving  a  fhock,  as  any  one  will 

find 
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find  that  pleafes  to  try.  This  experiment  fully  evidences, 
that  the  water  in  the  phial  contains  no  more  eledtric  mat¬ 
ter  than  it  would  do  in  an  open  bafon,  and  has  not  any 
of  that  great  quantity  which  produces  the  fbock,  and  is 
only  retain’d  by  the  glais.  If  after  the  fpark  is  drawn 
trom  the  conductor,  you  touch  the  coating  of  the  phial 
(which  all  this  while  is  luppofed  to  hang  in  the  air,  free 
from  any  non-eledtric  body)  the  threads  on  the  conductor 
will  inftantly  ftart  up,  and  fhew  that  the  conductor  is  elec¬ 
trified.  It  receives  this  eledtrifation  from  the  inner  furface  of 
the  phial,  which,  when  the  outer  furface  can  receive  what  it 
wants  from  the  hand  applied  to  it,  will  give  as  much  as 
the  bodies  in  contadt  with  it  can  receive,  or,  if  they  be  large 
enough,  all  that  it  has  of  excefis.  It  is  diverting  to  fee  how 
the  threads  will  rife  and  fill  by  touching  the  coating  and 
condudtor  of  the  phial  alternately.  May  it  not  be  that  the 
difference  between  the  charged  fide  of  the  glafs,  and  the 
outer  or  emptied  fide,  being  leffen’d  by  touching  the  hook 
or  the  condudtor ;  the  outer  fide  can  receive  from  the  hand 
which  touched  it,  and  by  its  receiving  the  inner  fide  can¬ 
not  retain  fo  much;  and  for  that  reafon  fo  much  as  it  can¬ 
not  retain  eledtrifes  the  water,  or  filings  and  condudtor  : 
For  it  feems  to  be  a  rule,  that  the  one  fide  mud  be  emptied 
in  the  fame  proportion  that  the  other  is  fill’d :  Tho’  this 
from  experiment  appears  evident,  yet  it  is  ftill  a  myftery 
not  to  be  accounted  for. 


I  am 
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I  am,  ia  many  places  of  the  Abbe’s  book,  furprifed  to 
find  that  experiments  have  fucceeded  fo  differently  at  Pa¬ 
ris  from  what  thev  did  with  Mr  Franklin,  and  as  I  have 
always  obferv’d  them  to  do.  The  Abbe,  in  making  expe¬ 
riments  to  find  the  difference  between  the  two  furfaces  of 
a  charged  glafs,  will  not  have  the  phial  placed  on  wax : 
For,  fays  he,  don’t  you  know  that  being  placed  on  a  body 
originally  ele&ric,  it  quickly  lofes  its  virtue  ?  I  cannot  i- 
magine  what  fhould  have  made  the  Abbe  think  fo;  it 
certainly  is  contradictory  to  the  notions  commonly  received 
\  of  eledtrics  per  fe  ;  and  by  experiment  I  find  it  entirely 
otherwife :  For  having  feveral  times  left  a  charged  phial, 
for  that  purpofe,  ftanding  on  wax  for  hours,  I  found  it  to 
retain  as  much  of  its  charge  as  another  that  ftood  at  the 
fame  time  on  a  table.  I  left  one  ftanding  on  wax  from  10 
o’clock  at  night  till  8  next  morning,  when  I  found  it  to 
retain  a  fufficient  quantity  of  its  charge,  to  give  me  a  fen- 
fible  commotion  in  my  arms,  though  the  room  in  which 
the  phial  ftood  had  been  fwept  in  that  time,  which  muft 
have  rais’d  much  duft  to  facilitate  the  difeharge  of  the 
phial. 

I  find  that  a  cork  ball  fufpended  between  two  bottles, 
the  one  fully  and  the  other  but  little  charged,  will  not 
play  between  them,  but  is  driven  into  a  fituation  that 
makes  a  triangle  witli  the  hooks  of  the  phials ;  though 
the  Abbe  has  afferted  the  contrary  of  this,  p.  101,  in  or¬ 
der  to  account  for  the  playing  of  a  cork  ball  between  the 
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wire  thruft  into  the  phial,  and  one  that  rifes  up  from  it 
coating.  The  phial  which  is  leaft  charged  mu  ft  have 
more  eledtric  matter  given  to  it,  in  proportion  to  its  bulk, 
than  the  cork  ball  receives  from  the  hook  of  the  full 
phial. 

The  Abbe  fays,  p.  103,  “  that  a  piece  of  metal  leaf 
“  hung  to  a  filk  thread  and  eledtrifed,  will  be  repelfd  by 
u  the  bottom  of  a  charged  phial  held  by  its  hook  in  the 
<e  air ;  ’  This  I  find  conftantly  otherwife,  it  is  with  me  al¬ 
ways  firft  attracted  and  then  repelled  :  It  is  neceffary  in 
charging  the  leaf  to  be  careful  that  it  does  not  fly  off  to 
fome  non-eledtric  body,  and  fo  difcharge  itfelf  when  you 
think  it  is  charged  ;  it  is  difficult  to  keep  it  from  flying 
to  your  own  wrift,  or  to  fome  part  of  your  body. 

The  Abbe,  p.  108,  fays,  “that  it  is  not  impoffible,  as 
<c  Mr  Franklin  fays  it  is,  to  charge  a  phial  while  there  is  a 
<c  communication  form’d  between  its  coating  anditshook”.  I 
have  always  found  it  impoffible  to  charge  fuch  a  phial  fo 
as  to  give  a  fhock  :  Indeed  if  it  hang  on  the  conductor 
without  a  communication  from  it,  you  may  draw  a  fpark 
from  it  as  you  may  from  any  body  that  hangs  There,  but 
this  is  very  different  from  being  charged  in  fuch  a  manner 
as  to  give  a  fhock.  The  Abbe,  in  order  to  account  for 
the  little  quantity  of  eledtric  matter  that  is  to  be  found  in 
the  phial,  fays,  “that  it  rather  follows  the  metal  than  the 
“  glafs,  and  that  it  is  fpewed  out  into  the  air  from  the  coating 
“  of  the  phial”.  I  wonder  how  it  comes  not  to  do  fo  too, 

when 
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when  it  lifts  through  the  glafi  and  charges  the  exterior 
furface,  according  to  the  AbW’s  fyftem ! 

The  Abba’s  objections  againft  Mr  Franklin' s  two  laft 
experiments,  I  think,  have  little  weight  in  them  :  He  feems, 
indeed,  much  at  a  lofs  what  to  fay,  wherefore  he  taxes 
Mr  Franklin  with  having  conceal’d  a  material  part  of  the 
experiment ;  a  thing  too  mean  for  any  gentleman  to  be 
charged  with,  who  has  not  fhewn  as  great  a  partiality  in 
relating  experiments,  as  the  Abbe  has  done. 
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With  an  Attempt  to  account  for  their 

SEVERAL  PHENOMENA; 

N  v  1 

Together  with 

Some  Obfervations  on  Thunder-Clouds y 

In  further  Confirmation  of  Mr  Franklin’s  Ob- 
fervations  on  the  pofitive  and  negative  ele&xical 
State  of  the  Clouds,  by  John  Canton,  M,  A. 
and  F.  R.  S. 

Dec.  6,  1753. 

EXPERIMENT  I. 

FROM  the  deling,  or  any  convenient  part  of  a 
room,  let  two  cork-balls,  each  about  the  bignels 
of  a  lmall  pea,  be  fufpended  by  linen  threads  of 
eight  or  nine  inches  in  length,  fo  as  to  be  in  contaft  with 
each  other.  Bring  the  excited  glafs  tube  under  the  balls, 

U  and 
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and  they  will  be  feparated  by  it,  when  held  at  the  diftance 
of  three  or  four  feet ;  let  it  be  brought  nearer,  and  they 
will  ftand  farther  apart ;  intirely  withdraw  it,  and  they 
will  immediately  come  together.  This  experiment  may 
be  made  with  very  fmall  brafs  balls  hung  by  filver  wire  ; 
and  will  fucceed  as  well  with  fealing-wax  made  eledirical, 
as  with  glafs. 

EXPERIMENT  II. 

If  two  cork-balls  be  fufpended  by  dry  filk  threads,  the 
excited  tube  muft:  be  brought  within  eighteen  inches  be¬ 
fore  they  will  repel  each  other  ;  which  they  will  continue  to 
do,  for  fome  time,  after  the  tube  is  taken  away. 

As  the  balls  in  the  firft  experiment  are  not  infulated, 
they  cannot  properly  be  faid  to  be  electrified  :  but  when 
they  hang  within  the  atmofphere  of  the  excited  tube,  they 
may  attradl  and  condenfe  the  eledirical  fluid  round  about 
them,  and  be  feparated  by  the  repuliion  of  its  particles. 
It  is  conjedtur’d  alfo,  that  the  balls  at  this  time  contain 
iefs  than  their  common  fhare  of  the  eledirical  fluid,  on 
account  of  the  repelling  power  of  that  which  lurrounds 
them  ;  tho’  fome,  perhaps,  is  continually  entering  and  paf- 
fing  thro’  the  threads.  And  if  that  be  the  cafe,  the  rea- 
fon  is  plain,  why  the  balls  hung  by  filk,  in  the  fecond  ex¬ 
periment,  muft  be  in  a  much  more  denfe  part  of  the  at¬ 
mofphere  of  the  tube,  before  they  will  repel  each  other. 
At  the  approach  of  an  excited  flick  of  wax  to  the  balls, 
in  the  firft  experiment,  the  eledirical  fire  is  fuppofed  to 

come 
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come  through  the  threads  into  the  balls,  and  be  condenfed 
there,  in  its  paflage  towards  the  wax :  for,  according  to 
Mr  Franklin ,  excited  glafs  emits  the  electrical  fluid,  but 
excited  wax  receives  it. 

EXPERIMENT  III. 

Let  a  tin  tube,  of  four  or  five  feet  in  length,  and  about 
two  inches  inches  in  diameter,  be  infulated  by  filk  ;  and 
from  one  end  of  it  let  the  cork-balls  be  fufpended  by  linen 
threads.  Electrify  it,  by  bringing  the  excited  glafs  tube 
near  the  other  end,  fo  as  that  the  balls  may  Hand  an  inch 
and  an  half,  or  two  inches  apart :  then,  at  the  approach 
of  the  excited  tube,  they  will  by  degrees  lofe  their  repelling 
power,  and  come  into  contact ;  and  as  the  tube  is  brought 
hill  nearer,  they  will  feparate  again  to  as  great  a  diflance 
as  before :  in  the  return  of  the  tube  they  will  approach 
each  other  till  they  touch,  and  then  repel  as  at  firft.  If 
the  tin-tube  be  electrified  by  wax,  or  the  wire  of  a  charg’d 
phial,  the  balls  will  be  affected  in  the  fame  manner  at  the 
approach  of  excited  wax,  or  the  wire  of  the  phial. 

EXPERIMENT  IV. 

Electrify  the  cork-balls  as  in  the  laft  experiment  by  glafs ; 
and  at  the  approach  of  an  excited  hick  of  wax  their  re- 
pulfion  will  be  increafed.  The  effet  will  be  the  fame,  if 
the  excited  glafs  be  brought  towards  them,  when  they  have 
been  eletrified  by  wax. 

The  bringing  the  excited  glafs  to  the  end,  or  edge  of 
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die  tin-tube,  in  the  third  experiment,  is  fuppos’d  to  elec- 
trify  it  positively,  or  to  add  to  the  electrical  fire  it  before 
contained  3  and  therefore  fome  will  be  running  off  through 
the  balls,  and  they  will  repel  each  other.  But  at  the  ap¬ 
proach  of  excited  glafs,  which  likewife  emits  the  electrical 
fluid,  the  difcharge  of  it  from  the  bails  will  be  diminish'd  3 
or  part  will  be  driven  back,  by  a  force  acting  in  a  contrary 
direction  3  and  they  will  come  nearer  together.  If  the 
tube  be  held  at  fuch  a  diftance  from  the  balls,  that  the 
excefs  of  the  denfity  of  the  fluid  round  about  them,  above 
the  common  quantity  in  air,  be  equal  to  the  excefs  of  the 
denflty  of  that  within  them,  above  the  common  quantity 
contain’d  in  cork  3  their  repulflon  will  be  quite  deftroy’d. 
But  if  the  tube  be  brought  nearer  3  the  fluid  without,  be¬ 
ing  more  denfe  than  that  within  the  balls,  it  will  be  at¬ 
tracted  by  them,  and  they  will  recede  from  each  other 
again. 

When  the  apparatus  has  loft  part  of  its  natural  fhare 
of  this  fluid,  by  the  approach  of  excited  wax  to  one  end 
of  it,  or  is  electrified  negatively  3  the  electrical  fire  is  at¬ 
tracted  and  imbib’d  by  the  balls  to  fupply  the  deficiency 5, 
and  that  more  plentifully  at  the  approach  of  excited  glafs, 
or  a  body  pofitively  electrified,  than  before  3  whence  the 
diftance  between  the  balls  will  be  increafed,  as  the  fluid 
furrounding  them  is  augmented.  And  in  general,  whe¬ 
ther  by  the  approach  or  recefs  of  any  body  3  if  the  diffe¬ 
rence  between  the  denfity  of  the  internal  and  external  fluid 
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oe  increafed,  or  diminifhed  ;  the  repulfion  of  the  balls  will 
be  increafed,  or  diminifhed,  accordingly. 

EXPERIMENT  V. 

When  the  infulated  tin  tube  is  not  eledtrified,  bring  the 
excited  glafs  tube  towards  the  middle  of  it,  fo  as  to  be  near¬ 
ly  at  right  angles  with  it,  and  the  balls  at  the  end  will  re¬ 
pel  each  other ;  and  the  more  lo,  as  the  excited  tube  is 
brought  nearer.  When  it  has  been  held  a  few  feconds, 
at  the  diftance  of  about  fix  inches,  withdraw  it,  and  the 
balls  will  approach  each  other  till  they  touch  ;  and  then 
feparating  again,  as  the  tube  is  moved  farther  oft,  will  con¬ 
tinue  to  repel  when  it  is  taken  quite  away.  And  this  re¬ 
pulfion  between  the  balls  will  be  increafed  by  the  approach 
of  excited  glafs,  but  diminifhed  by  excited  wax;  juft  as 

if  the  apparatus  had  been  eledtrified  by  wax,  after  the 

* 

manner  defended  in  the  third  experiment. 

EXPERIMENT  VI. 

Infulate  two  tin  tubes,  diftinguifhed  by  A  and  R,  fo  as 
to  be  in  a  line  with  each  other,  and  about  half  an  inch 
apart ;  and  at  the  remote  end  of  each,  let  a  pair  of  cork 
bails  be  fuipended.  Towards  the  middle  of  A ,  bring  the 
excited  glals  tube  ;  and  holding  it  a  ftiort  time,  at  the  di¬ 
ftance  of  a  few  inches,  each  pair  of  balls  will  be  obferved 
to  feparate  :  withdraw  the  tube,  and  the  balls  of  A  will 
come  together,  and  then  repel  each  other  again  ;  but  thofe 
of  B  will  hardly  be  affedled.  By  the  approach  of  the  ex¬ 
cited 
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cited  glafs  tube,  held  under  the  balls  of  their  repulfion 
will  be  increafed  :  but  if  the  tube  be  brought,  in  the  fame 
manner,  towards  the  balls  of  B,  their  repulfion  wiil  be 
diminifhecl. 

In  the  fifth  experiment,  the  common  flock  of  eledirical 
matter  in  the  tin  tube,  is  fuppofed  to  be  attenuated  about 
the  middle,  and  to  be  condenfed  at  the  ends,  by  the  re- 

% 

pelling  power  of  the  atmofphere  of  the  excited  glafs  tube, 
when  held  near  it.  And  perhaps  the  tin  tube  may  lofe 
lbme  of  its  natural  quantity  of  the  eledirical  fluid,  before 
it  receives  any  from  the  glafs ;  as  that  fluid  will  more 
readily  run  off  from  the  ends  or  edges  of  it,  than  enter  at 
the  middle  :  and  accordingly,  when  the  glafs  tube  is  with¬ 
drawn,  and  the  fluid  is  again  equally  diftufed  through  the 
apparatus,  it  is  found  to  be  eledtrified  negatively :  For  ex¬ 
cited  glafs  brought  under  the  balls  will  increafe  their  re¬ 
in  the  fixth  experiment,  part  of  the  fluid  driven  out 
of  one  tin  tube  enters  the  other ;  which  is  found  to  be 
eledtrified  pofltively,  by  the  decreafing  of  the  repulfion  of 
its  balls,  at  the  approach  of  excited  glafs. 

EXPERIMENT  VII. 

Let  the  tin  tube,  with  a  pair  of  balls  at  one  end,  be 
placed  three  feet  at  leaf!  from  any  part  of  the  room,  and 
the  air  render’d  very  dry  by  means  of  a  fire :  eledtrify  the 
apparatus  to  a  confiderable  degree  ;  then  touch  the  tin 
tube  with  a  finger,  or  any  other  condudtor,  and  the  balls 

will, 
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will,  notwithftanding,  continue  to  repel  each  other  5  the’ 
not  at  fo  great  a  diftance  as  before. 

The  air  furrounding  the  apparatus  to  the  diftance  of  two 
or  three  feet,  is  fuppofed  to  contain  more  or  lefs  of  the 
ele&rical  fire,  than  its  common  fhare,  as  the  tin  tube  is 
electrified  pontively,  or  negatively ;  and  when  very  dry, 
may  not  part  with  its  overplus,  or  have  its  deficiency  fup- 
plied  fo  fuddenly,  as  the  tin ;  but  may  continue  to  be  e- 
leCtrified,  after  that  has  been  touch’d  for  a  confiderable 
time. 

EXPERIMENT  VIII. 

Having  made  the  Torricellian  vacuum  about  five  feet 
long,  after  the  manner  deferibed  in  the  P  hi  1  of  optical  Tnvif- 
ahtions,  Vol.  xlvii.  p.  370.  if  the  excited  tube  be  brought 
within  a  fmall  diftance  of  it,  a  light  will  be  feen  through 
more  than  half  its  length  :  which  foon  vanishes,  if  the 
tube  be  not  brought  nearer  5  but  will  appear  again,  as  that  is 
moved  farther  off.  This  may  be  repeated  feveral  times, 
without  exciting  the  tube  afrefh. 

This  experiment  may  be  confider’d  as  a  kind  of  ocular 
demonftration  of  the  truth  of  Mr  Franklin' s  hypothefis ; 
that  when  the  ele&rical  fluid  is  condenled  on  one  fide  of 
thin  glafs,  it  will  be  repelled  from  the  other,  if  it  meets 
with  no  refiftance.  According  to  which,  at  the  approach 
of  the  excited  tube,  the  fire  is  fuppofed  to  be  repelled  from 
the  infide  of  the  glafs  furrounding  the  vacuum,  and  to  be 

carried 


i?o  Experiments  in  Electricitv, 

carried  oft  through  the  columns  of  mercury ;  hut,  as  the 
tube  is  withdrawn,  the  fire  is  fuppofed  to  return. 

EXPERIMENT  IX. 

Let  an  excited  flick  of  wax,  of  two  feet  and  an  half 
in  length,  and  about  an  inch  in  diameter,  be  held  near 
its  middle.  Excite  the  glafs  tube,  and  draw  it  over  one 
half  of  it ;  then,  turning  it  a  little  about  its  axis,  let  the 
tube  be  excited  again,  and  drawn  over  the  fame  half;  and 
let  this  operation  be  repeated  feveral  times :  then  will  that 
half  defiroy  the  repelling  power  of  balls  electrified  by  glafs, 

•  and  the  other  half  will  increafe  it. 

By  this  experiment  it  appears,  that  wax  alfo  may  be  e- 
le&rified  pofitively  and  negatively.  And  it  is  probable, 
that  all  bodies  whatfoever  may  have  the  quantity  they 
contain  of  the  eleCtrical  fluid,  increafed,  or  diminilhed. 
The  clouds,  I  have  obferved,  by  a  great  number  of  expe¬ 
riments,  to  be  fome  in  a  pofitive,  and  others  in  a  negative 
flate  of  electricity.  For  the  cork  balls,  electrified  by  them, 
will  lometimes  clofe  at  the  approach  of  excited  glafs ;  and 
at  other  times  be  feparated  to  a  greater  diftance.  And  this 
change  I  have  known  to  happen  five  or  fix  times  in  lefs 
than  half  an  hour;  the  balls  coming  together  each  time, 
and  remaining  in  contaCt  a  few  feconds,  before  they  repel 
each  othci  again.  It  may  hkewile  eafily  be  difeover’d,  by 
a  charged  phial,  whether  the  electrical  fire  be  drawn  'out 
of  the  apparatus  by  a  negative  cloud,  or  forced  into  it  by 

a  pofi- 
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a  pofitive  one  :  and  by  whichfoever  it  be  dedtrified,  fhould 
that  cloud  either  part  with  its  overplus,  or  have  its  defi¬ 
ciency  fupplied  fuddenly,  the  apparatus  will  lofe  its  eledtri- 
city  :  which  is  frequently  obferVed  to  be  the  cafe,  imme¬ 
diately  after  a  fialh  of  lightning.  Yet  whf  n  the  air  is  very 
dry,  the  apparatus  will  continue  to  be  eledtrifed  for  ten 
minutes,  or  a  quarter  of  an  hour,  after  the  clouds  have 
palled  the  zenith  j  and  fometimes  till  they  appear  more 
than  half-way  towards  the  horizon.  Rain*  efpecially  when 
the  drops  are  large,  generally  brings  down  the  eledtrical 
fire  :  and  hail,  in  fummer,  I  believe  never  fails.  When 
the  apparatus  was  laft  electrified,  it  was  by  the  fall  of  thaw¬ 
ing  fnow ;  which  happened  fo  lately,  as  on  the  1 2th  of 
November }  that  being  the  twenty-fixth  day,  and  fixty-firft 
time,  it  has  been  eledrified,  fince  it  was  firft  fet  up  j  which 
was  about  the  middle  of  Afizy*  And  as  Fahrenheit’s  ther¬ 
mometer  was  but  feven  degrees  above  freezing,  it  is  fup- 
pofed  the  winter  will  not  intirely  put  a  flop  to  obfervations 
of  this  fort.  At  London ,  no  more  than  two  thunder— 
ftorms  have  happened  during  the  whole  fummer :  and  the 
apparatus  was  fometimes  fo  ftrongly  eledtrified  in  one  of 
them,  that  the  bells*  which  have  been  frequently  rung  by 
the  clouds,  fo  loud  as  to  be  heard  in  every  room  of  the 
houfe  (the  doors  being  open),  Were  filenced  by  the  almoft 
conftant  ftream  of  denfe  eledtrical  fire,  between  each  bell 
and  the  brafs  ball,  which  would  not  fuffer  it  to  ftrike. 

I  lhall  conclude  this  paper,  already  too  long,  with  the 
following  queries : 


X 


1.  May 
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1.  May  not  air,  fuddenly  rarefied,  give  electrical  fire  to, 
and  air  fuddenly  condenfed,  receive  electrical  fire  from, 
clouds  and  vapours  pafling  through  it  ? 

2.  Is  not  the  aurora  borealis ,  the  flafliing  of  electrical 
fire  from  pofitive,  towards  negative  clouds  at  a  great 
diftance,  through  the  upper  part  of  the  atmofphere,  where 
the  refiftance  is  leaf!  ? 


AP- 
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AS  Mr  Franklin ,  in  a  former  letter  to  Mr  Collin - 
fon>  mentioned  his  intending  to  try  the  power 
of  a  very  ftrong  electrical  (hock  upon  a  turkey, 
that  gentleman  accordingly  has  been  fo  very  obliging  as  to 
fend  an  account  of  it,  which  is  to  the  following  purpofe. 

He  made  firft  feveral  experiments  on  fowls,  and  found, 
that  two  large  thin  glafs  jars  gilt,  holding  each  about  fix 
gallons,  and  fuch  as  I  mentioned  I  had  employed  in  the 
laft  paper  I  laid  before  you  on  this  fubjedt,  were  fufficient, 
when  fully  charged,  to  kill  common  hens  outright  5  but 
the  turkeys,  though  thrown  into  violent  convulfions,  and 
then,  lying  as  dead  for  fome  minutes,  would  recover  in 
lefs  than  a  quarter  of  an  hour.  However,  having  added 
three  other  fuch  to  the  former  two,  though  not  fully 
charged,  he  killed  a  turkey  of  about  ten  pounds  weight, 
and  believes  that  they  would  have  killed  a  much  larger. 
He  conceited,  as  himfelf  fays,  that  the  birds  kill’d  in  this 
manner  eat  uncommonly  tender. 

In  making  thefe  experiments,  he  found,  that  a  man 
could,  without  great  detriment,  bear  a  much  greater  fhock 
than  he  imagined  :  for  he  inadvertently  received  the  ftroke 
of  two  of  thefe  jars  through  his  arms  and  body,  when 
they  were  very  near  fully  charged.  It  feemed  to  him  an 
univerfal  blow  throughout  the  body  from  head  to  foot, 

.  and 
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and  was  followed  by  a  violent  quick  trembling  in  the  trunk, 
which  went  off  gradually  in  a  few  feconds.  It  was  fome 
minutes  before  he  could  recoiled:  his  thoughts,  fo  as  to 
know  what  was  the  matter ;  for  he  did  not  fee  the  flafh, 
tho’  his  eye  was  on  the  fpot  of  the  prime  condudtor,  from 
whence  it  ftruck  the  back  of  his  hand ;  nor  did  he  hear 
the  crack,  though  the  by-ftanders  faid  it  was  a  loud  one ; 
nor  did  he  particularly  feel  the  ftroke  on  his  hand,  tho’ 
lie  afterwards  found  it  had  raifed  a  fweliing  there,  of  the 
bignefs  of  half  a  fwan-fhot,  or  piftol-bullet.  His  arms 
and  the  back  of  his  neck  felt  fomewhat  numbed  the  re¬ 
mainder  of  the  evening,  and  his  bread:  was  fore  for  a  week 
after,  as  ir  it  had  been  bruifed.  From  this  experiment 
may  be  feen  the  danger,  even  under  the  greatefl  caution,  to 
the  operator,  when  making  thefe  experiments  with  large 
jars ;  for  it  is  not  to  be  doubted,  but  feveral  of  thefe  fully 
charged  would  as  certainly,  by  increafing  them,  in  propor¬ 
tion  to  the  fize,  kill  a  man,  as  they  before  did  a  turkey. 

N.  B.  The  original  of  this  letter,  which  was  read  at  the 
Royal  Society,  has  been  miflaid. 
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—  NEW  EXPERIMENTS  and  Observations  on  Electrictu,  made  at  Philadelphia  in 
Anienca,  and  eommumcated  in  several  Letters  to  Peter  Collinson,  of  London,  f.r.s.  [Parts 
tV  1  -7-wlth  Preface,  by  Peter  Collinson,  f.r.s.]  ;  third  Edition  of  Parts  I 

#  ^  ?,dl?'10n  of  Part  ln’  with  c0VVeri>late,  3  parts  in  one  vol.  4to.  hf.  parchment 

iPrtl 'tSf*  rl™ *  £}:  l*  ,  „  .  D-  HenrV  and  &  Cave,  at  St.  John's  Gate,  1760-2-54 

for  explaining  Dip  pw!nS  °  °U£  last  on  ‘  Observations  and  Suppositions  towards  forming  a  new  Hypothesis, 

The SS-r8”?  0f  Th.unle.r  Gusts  >  ,w.ith  Additional  Papers  by  Peter  Collinson. 
to  Beniamin  FrankiinVJ^fw-00^8111  additional  letters,  also  ‘  Remarks  on  the  Abbe  Nollet’s  Letters  on  Electricity 

several  PhammnenM  •  A/ ID  G<?LDEN> ^  ew*)  ork,  and  ‘  Electrical  Experiments,  with  an  Attempt  to  account  for  their 
not  the  aurora  hnrenii*  d  i  e0Iy5  G^s?r7aGo?ls  rhunder-Clouds,  by  John  Canton,  f.r.s.’,  the  last  passage  reading  :  ‘  Is 
upper  part  of  the  atmn Jrih  asluV®  of  electrical  lire  from  positive  towards  negative  clouds  at  a  great  distance,  through  the 

upper  part  oi  tbe  atmosphere,  where  the  resistance  is  least?’  ’  6 

his  4n^flnidStWdv^feri  6?  .in  electr'cal  science  and  contains  a  number  of  valuable  experiments  and  suggestions,  e.g., 

the  electric  acL  nf  onln  f  T-  f  and  ‘  Frank.lin  Plafce’'  exPlaini"S  the  theory  of  the  Leyden  Jar,  the  discovery  of 
‘  Thf  v  wprp  nrt  of  points,  which  resulted  in  his  invention  of  the  lightning-conductor,  etc.  etc.  et.c. 

public  i n tmeSt  WhS,? esig.ned  for  publication,  but  Collinson  thought  them  too  important  to  be  withheld.  The 

subject  was  more  indivami  UUn  ^  ^lV+y^  Coll1[lson  s  anticipations.  ‘  Nothing,’ says  Priestley,  ‘ever  written  on  the 
J  t  wa_sjnore  justly ;  applauded.  All  the  world,  even  kings,  flocked  to  see  them,  and  retired  full  of  admiration  ’.’ 
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